A Bidirectional Single Stage AC-DC Converter with
High Frequency Isolation Feasible to DC Distributed
Power Systems

Demercil S. Oliveira, Maria 1. V. Batista, Luiz H. S. C. Barreto, Paulo P. Praca

Electrical Engineering Department, Federal University of Ceara, Fortaleza, Brazil
demercil@dee.ufc.br, izabel.vieira@gmail.com

Abstract— This paper proposes a single-phase bidirectional ac-
dc converter feasible to dc distributed power systems. The
topology provides galvanic isolation and is able to protect the
system during short-circuits occurrence in the load side. The
power factor control in the ac side is performed by the duty
cycle variation in the primary bridge. It is supposed to regulate
the dc bus voltage even during voltage dips and short-circuits.
The secondary side bridge is driven with constant duty cycle and
the power flow is controlled by the variation of the phase shift
angle between the two bridges. The basic equations are shown
and the simulation results are presented and discussed.

1. INTRODUCTION

With the expansion of the Distributed Generation (DG)
reinforced by the renewable energies in the last decades, the
concept of Smart Grids (SG) comes to allow the integration of
distributed sources to the main grid utility with certain
feedback from the consumers and a more characteristic
intelligent [1]-[3]. This concept is based on the concept of six
principal axes: advanced metering infrastructure to improve
demand-side management, energy efficiency to make the
business more profitable, great adaptability for different
scenarios, self-healing electrical grid to make the system more
robust, improved supply reliability and adequate response to
severe faults and natural disasters [4]. Indeed, there is the
necessity of a smart system able to deliver energy efficiently
by using the integration of advanced technologies such as
communication, information technologies [5], electronics and
new materials [6] joining forces to maintain an
environmentally sustainable system.

In order to make distributed power systems feasible, power
electronic converters must be fault tolerant. For example, let
us consider Fig. 1. During a short-circuit in the residence, the
main power supply must remain connected during a time
interval long enough to drive the local protection device,
which will isolate the fault in the circuit without interrupting
the supply to the remaining consumers.

Rectifiers with Power Factor Correction (PFC) are widely
used in electronic equipment in both commercial and

industrial environments. They meet the requirements of
standards related to power quality, providing stable DC
voltages to be processed by converters connected to the loads

[71-[9].
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Fig. 1 Typical distributed power system.

Additionally, bidirectional power flow is expected in
power converters used in generated distribution. Moreover, the
topology is supposed to aggregate reactive power
compensation and voltage sag restorer characteristics [6].
However, recent proposals for dc power systems [10]-[12] do
not comprise with such characteristics, since they are based on
the traditional bidirectional PWM boost rectifier, which is not
able to handle short-circuits in the dc side and also does not
provide galvanic isolation. The work described in [13]
presents a survey on Solid State Transformers (SST).

Concepts employing three-state switching cell allow good
distribution of losses between the semiconductors and
reduction of high frequency harmonic content for both
voltages and currents. Thus, it leads to the decrease of current
RMS levels for the output capacitors, increasing system
reliability due to lower operating temperatures. The volume of
magnetic is also reduced, with consequent reduction of the
very dimensions and losses of the converter. The use of the
three-state switching cell also reduces switching and
conduction losses due to the power divided among the various
components. The disadvantages are the increase in the number
of semiconductors in the prototype, necessary to the design
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and implementation of gate drivers, with consequent practical
difficulties in the system layout [14].

The PFC rectifier employing the three-state switching cell
represents a fairly new technology. The concept employed in
single-phase rectifiers has been proposed in [15].

Fig. 2a shows the arrangement based on a bidirectional
version of the three-state switching cell [15], where a
secondary winding can be coupled with transformer T1. In
order to avoid transformer saturation, the legs are phase-
shifted by 180° and the individual currents must be monitored.
Fig. 2b shows an alternative configuration, where the
secondary side can be coupled with the transformer T2 and
saturation can be avoided by using a series capacitor. Another
similar configuration can be obtained using the interleaving
technique. The secondary windings may be coupled to
inductors L1 and L2, as shown in Fig. 2¢c, or use a separate
core, as seen in Fig. 2d.

s3
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L2
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Fig. 2 - Basic Cells: (a) Bidirectional three-state cell with a transformer. (b)
Bidirectional three-state cell with a separate transformer. (c) Interleaved
bidirectional boost cell. (d) Interleaved bidirectional boost cell with separate
transformer.

The topology proposed in this paper is a bidirectional ac-
dc single phase SST, isolated by high frequency stage. The
variation of the duty cycle on the primary bridge is responsible
for the Power Factor Correction (PFC) . The phase shift angle
between two bridges controls the power flow through the
converter even with voltage dips. Besides, the dc primary bus
voltage is regulated.

It has the following advantages: ability to operate at high
power levels, high efficiency, low ripple current in both the
input and the output sides, reduced volume and size of the
input inductor, which ensures reduced losses, weight lower
volume.

Due to the bidirectionality and PFC, the system allows the
converter to act as an inverter for the interconnection of any dc
power source to the grid.

II.  PROPOSED TOPOLOGY

Fig. 3 presents the proposed topology. It was obtained
from the combination of the dual active bridge converter with
the bidirectional three-state switching cell (Fig. 2a), using the
half-bridge configuration in the secondary side. According to
[16], the power flow between the primary and secondary sides
can be controlled by the phase-shift angle ¢ between the two

bridges. Also, the PFC is perfomed by the duty cycle variation
in the primary bridge.

Fig. 3. Single-phase ac-dc solid state transformer.

The mathematical analysis will be developed from the
elementary dc/dc converter. Thus, all possible regions of
operation of the ac/dc will be properly identified..

From the theoretical analysis, the equations of the static
gain that relate the output current and the input voltage for
different duty cycles and phase shift angles are obtained for
each condition of phase-shift angle ¢ and duty cycle D.

All possible regions of operation are shown in Table I. In
each region, there are six stages of operation, which are
defined by the switches’ states and the resulting topologic
configuration.

TABLE I — Regions of Operation.

REGION CONDITION
1 @<DandD <0.5and @ =0
2 @>DandD <05and ® >0
3 P<(D—-05)andD =>05e@ =0
4 @>(D—-05)and D >05e@ >0
5 6] < (0,5—D)and D <0,5e@ <0
6 6| <(1—=D)andD =20,5e@ <0
7 |¢] > (0,5—D)and D <0,5e@ <0
8 6] >(1—-D)andD >0,5e@ <0

A. First Region

The six stages in this region are shown in Fig. 4 and Fig. 5.
The first stage can be seen in Fig. 4a. Switches S2, S3 and S6
are turned on. In the primary side, the current flows through
S2 and S3 and the input inductor is discharging. At the
secondary side, the current flows through the anti-parallel
diode of switch S6. When switch S2 turns off and S1 turns on,
the current through the input inductor starts increasing and the
current flows through switch S3 and the anti-parallel diode of
switch S1. The current keeps flowing through the anti-parallel
diode of switch S6 until the current through the leakage
inductance becomes null. After that, the current starts to flow
through S6. That is the second stage and it can be seen in Fig.
4b. Fig. 4c shows the third stage of operation in the first
region. The current flows through switches S1 and S4 and
through the input inductor and the bus capacitor starts
discharging. At the secondary side, the current flows through
S6. Fig. 6a shows the fourth stage. The current keeps flowing
through the switches S1 and S4, and the input inductor and the
bus capacitor keep discharging. At the secondary side, the
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current starts flowing through the anti-parallel diode of the
switch S5. Fig. 6b shows the fifth stage of operation. The
current through the input inductor starts increasing and the
current flows through switch S1 and through the anti-parallel
diode of switch S3. The current keeps flowing through the
anti-parallel diode of switch S5 until the current through the
leakage inductance becomes null. After that, the current starts
flowing through S5. Fig. 6¢ shows the sixth stage of operation.
In the primary side, the current flows through S2 and S3 and
the input inductor is discharging. At the secondary side, the
current flows through S5. The three stages in Fig 4 are
responsible for the decrease of the current in the leakage
inductance, and the remaing stages in Fig. 6 are responsible
for the respective decrease.

Fig. 5 shows the equivalent circuit for the first stage of
operation. For the remaining stages, the polarity of the input
and/or output voltage sources changes accordingly.

Fig. 7 shows the gating signals for switches S1, S3, and S5
and the current through the leakage inductor for Region 1. Fig.
8 shows the same waveforms for Region 3.

U]

Fig. 6. Final three topological stages associated to region 1.
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Fig. 7. Gating voltages, voltages through coupled inductors and current
through the leakage inductance for region 1.

Fig. 4. First three topological stages associated to region 1.

1) First Stage

Ls The first stage occurs when switches S2, S3 and S6 are
m turned on. In that condition, the voltage through the input
Vo/2 inductance is —V;;, and the output voltage is — VO/ o- The time

Vin interval for this stage is given by (D — ¢).Ts.

Fig. 5. Equivalent dc circuit for the first stage.

Authorized licensed use limited to: UNIVERSIDADE FEDERAL DO CEARA. Downloaded on September 13,2022 at 11:55:40 UTC from IEEE Xplore. Restrictions apply.



ococoo
oNvRB -

Vg1 h|>¢
|
|
[

Vg3

Vg5

Vab Vcd

0.2113 021135 02114 021145

Time (s)

0.2115 0.21155

Fig. 8. Gating voltages, voltages through the coupled inductors and current
through leakage inductance for Region 3.

The current is given by (1).

Vo

i(t) =1, + Vi"L_T. t (1)

Where I;is the initial current value, Vin is the dc bus
voltage, L is the input inductor and V, is the output voltage.

2) Second Stage

The second stage occurs when switches S1, S3, and S6 are
turned on. In this case, the voltage through the input

inductance is 0 and the output voltage is — VO/ 2 - The time
interval for this stage is given by (0.5-D).Ts.

The current is given by (2).

i(t) = i(Aty) — ZV—L t 2

Where i(At,) is the final current value of the first stage.

3)  Third Stage
The third stage occurs when switches S1, S4, and S6 are

turned on. In this case, the voltage through the input

inductance is +V;,, and the output voltage is — VO/ 2. The time
interval is given by ¢.Ts .

The current is given in (3).

i(t) =i(Aty) — .t
Where (At,) is the final current value of the second state.

Vit 2 3)
L
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The remaining three states are similar to the first three but
with sign reversed. It means that the final current in the third
stage is —Io and the final current in the sixth stage is Io.

The static gain can be obtained considering the voltage
through the leakage inductance and the respective time
intervals.

IO=V0—4.D.Vin+8.Vin.¢ 4
8.L.f
Where f; is the switching frequency, D is the duty cycle,
and ¢ is the phase-shift angle between the two bridges.

Then, it is possible to obtain the average output current
value for this region as:

+D — 4¢?) ®)

Iy =

4 fS ‘

The same procedure realized for the first region can be

performed in order to obtain the static gain for the remaining
seven ones.

B. Second Region
The static gain is given in equation (6).

Iy = .D.(2D — 4¢ + 1) (6)

4fs

C. Third Region
The static gain is given in equation (7).

Vin L .(1-D).(4¢p —2D +1) @)

I

D. Fourth Region
The static gain is given in equation (8).

Iy = (4D — 2D? + D — 4¢?) ®)

4fs

E. Fifth Region
The static gain is given in equation (9).

Iy = .(1—4|¢| —2D) ©)

4fL

F. Sixth Region
The static gain is given in equation (10).

Ip = 4f .(4D|¢| +2D?% — 3D + 4|¢p|? — 4|p| + 1) (10)
S
G. Seventh Region
The static gain is sho given wn in equation (11).
I = —3D +4|p|> —4lp|+1) (1D

4fL



H. Eighth Region
The static gain is given in equation (12).
in

= (12)
4fsL

Iy

.(4|¢| —2D? 4+ 5D — 4D|¢p| — 3)

As it can be seen in Fig. 9, the steady state output current
does not depend on the output voltage. Therefore, during
output short-circuit condition, even considering open loop
operation, the output current is maintained after the transient
discharge of output capacitor C,. Thus, the converter is
naturally fault tolerant and feasible to distribution systems.

10
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Fig. 9. Static gain curve of the dc-dc SST.

The ac input voltage source and the input power factor
correction introduce a 120-Hz component in the output
current. By solving (5)-(12) in order to obtain the correct
values of D and @ for a constant steady state output current,
the curve shown in Fig. 10 results. So, theoretically, the 120-
Hz ac component imposed by the duty cycle variation can be
mitigated by the adequate choice of the of phase-shift angle ®.

0.35
0.25

Phase Shift Angle
(@

0.25 0.5
Duty Cycle (D)

0.75 1

Fig. 10. D and @ values for a constant steady state output current.

I1I.

The simulation of the circuit presented in Fig. 3 was
performed and the specifications and parameters used to
implement the prototype are shown in Table II.

SIMULATION RESULTS

The results for a step-up in the phase-shift angle can be seen in
Fig. 11. The current is drawn from the power supply with
unity power factor and low harmonic content as shown in Fig.
11(a). Fig. 11(b) demonstrates that the output current increases
when ¢ is changed, but the ripple current is high because a
control strategy for the ripple mitigation has not been
implemented. Fig. 11(c) shows the dc bus voltage during this

simulation. Fig. 12(a), (b), and (c) shows the input current, the
output current, and the primary dc bus voltage during a short-
circuit circuit in the output side, respectively.

TABLE II — Simulation Specifications and Parameters

PARAMETER SPECIFICATION
Input Voltage 127 Vrms
Output Voltage 800 Vdc
Switching frequency 10 kHz
Input inductor 1.5 mH
Output Power 1 kW

200.00
100.00
0.0
-100.00
-200.00

10.00
5.00
0.0
-5.00

Vprim (b)

406.00

0.10 020 0.30 0.40
Time (s)

(©

392.00

Fig. 11. (a) Input current and input voltage (b) output current (c) bus voltage.
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Fig. 12. (a) Input current during short-circuit (b) output current (c) bus voltage
during short-circuit.

IV. SIMILAR TOPOLOGIES
A. AC-DC Configurations

From the basic concept introduced in this paper, many
topologies with similar characteristics can be derived. For
example, Fig. 13 shows that a full-bridge configuration can
also be used in the secondary side. Then, the current stress in
the secondary side switches is reduced and high power
capability can be obtained. Besides, current source
characteristic is obtained. Fig. 14 presents a double full-bridge
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associated with the three-state switching cell resulting in a
higher power configuration. Finally, the three-phase
configuration is presented in Fig. 15.
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Fig. 13. AC-DC converter with a full-bridge in the secondary side.
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Fig. 14. AC-DC converter with a double full-bridge in the primary side.

[ S1A T S3A

(| oo

Il
T
U

[ s1C T s3C

| L
g
3, &
g
&
s

Co

(szc

K sac

Fig. 15. Three-phase AC-DC configuration.
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Fig. 16. One phase AC-AC converter.

B. AC-AC Configurations

Similarly, AC-AC topologies with similar characteristics
can be obtained. For example a single-phase AC-AC
configuration is obtained in Fig. 16. Then, the three-phase
configuration can also be obtained as in Fig. 17. The presented
AC-AC topologies allow the development of new alternatives
to topologies for solid-state transformers. The analysis of
multilevel versions for this basic topology is the next step in
this study.

Fig. 17. :I‘hree—phase AC-AC converter.

V. CONCLUSION

This paper has presented a single-stage ac-dc topology
feasible to dc distribution power systems. The theoretical
analysis was developed and the simulation results validate the
principle of operation. As a result, a single stage AC-DC
conversion with high frequency isolation was achieved. This
topology is the basis of three-phase, AC-AC and multilevel
versions that allow the implementation of a real solid state
transformer. The main advantages of the converter are the
good performance during short-circuits and transients.

ACKNOWLEDGMENT

The authors acknowledge CNPQ and FUNCAP by the
financial support.

REFERENCES

[11 T. Jin, M. Mechehoul, “Ordering Electricity via Internet and its
Potentials for Smart Grid Systems”, IEEE Transactions on Smart Grid,
vol.1, no.3, pp. 302-310, Dec. 2010.

[2] R.F. Arritt, R. C. Dugan, “Distribution System Analysis and the Future
Smart Grid”, Rural Electric Power Conference (REPC), 2011 IEEE, pp.
B2-1 - B2-8.

[3]1 F.Li, W. Qiao, H. Sun, H. Wan, J. Wang, Y. Xia, Z. Xu, P. Zhang,
“Smart Transmission Grid: Vision and Framework”, IEEE Transactions
on Smat Grid, vo.01, n0.02, pp. 168-177.

[4] F.Rahimi; A. Ipakchi, “Demand Response as a Market Resource Under
the Smart Grid Paradigm”, IEEE Transactions on Smart Grid, vol.01,
no.01, pp. 82-88, June. 2010.

[5] X. Yu, C. Cecati, T. Dillon, M. G. Simoes, “The new frontier of smart
grids”, Industrial Electronics Magazine, IEEE, vo.05, n0.03, pp. 49-63.

[6] N. Wang; A. Q. Huang; O. Sung; Y. Liu; J. Baliga, "Smart grid
technologies," Industrial Electronics Magazine, IEEE , vol.3, no.2,
pp-16-23, June 2009.

[7] B. Singh, B. N. Singh, A. Chandra, K. Al-Haddad, A. Pandey, D. P.
Kothari, “A review of singlephase improved power quality ac-dc
converters,” IEEE Transactions on Industrial Electronics, vol. 50, no. 5,
pp. 962-981, 2003, 0278-0046.

[8] M. M. Jovanovic, Y. Jang, “State-of-the-art, single-phase, active
power-factor-correction techniques for high-power applications - an
overview,” IEEE Transactions on Industrial Electronics, vol. 52, no. 3,
pp- 701-708, 2005, 0278-0046.

Authorized licensed use limited to: UNIVERSIDADE FEDERAL DO CEARA. Downloaded on September 13,2022 at 11:55:40 UTC from IEEE Xplore. Restrictions apply.




9]

[10]

[11]

[12]

[13]

J. C. Crebier, B. Revol, J. P. Ferrieux, “Boostchopper-derived pfc
rectifiers: interest and reality,” IEEE Transactions on Industrial
Electronics, vol. 52, no. 1, pp. 3645, 2005, 0278-0046.

H. Kakigano, Y. Miura, and T. Ise, “Low-voltage bipolar-type dc
microgrid for super high quality distribution,” IEEE Trans. Power
Electron., vol.25,1n0.12, pp. 3066-3075, Dec. 2010.

C.D. Xu; K.W.E. Cheng, "A survey of distributed power system — AC
versus DC distributed power system," Power Electronics Systems and
Applications (PESA), 2011 4th International Conference on , vol., no.,
pp.1-12, 8-10 June 2011.

J. Lago, M.L. Heldwein, "Operation and Control-Oriented Modeling of
a Power Converter for Current Balancing and Stability Improvement of
DC Active Distribution Networks," Power Electronics, IEEE
Transactions on , vol.26, n0.3, pp.877-885, March 2011.

S. Falcones; M. Xiaolin; R. Ayyanar, "Topology comparison for Solid
State Transformer implementation," Power and Energy Society General
Meeting, 2010 IEEE , vol., no., pp.1-8, 25-29 July 2010.

[14]

[15]

[16]

M.S. Ortmann, S.A. Mussa, M.L. Heldwein, “Theoretical analysis af a
single-phase three-level PFC converter employing multi-state switching
cells” Power Electronics Conference, 2009. COBEP '09. P. 1185 —
1192, 2009.

G.V. Torrico-Bascope, 1. Barbi, , "A single phase PFC 3 kW converter
using a three-state switching cell," Power Electronics Specialists
Conference, 2004. PESC 04. 2004 TEEE 35th Annual, vol.5, no., pp.
4037- 4042 Vol.5, 20-25 June 2004.

M.N. Kheraluwala; R.W. Gascoigne; D.M. Divan; E.D. Baumann;
"Performance characterization of a high-power dual active bridge DC-

to-DC converter," Industry Applications, IEEE Transactions on |,
vol.28, n0.6, pp.1294-1301, Nov/Dec 1992.

Authorized licensed use limited to: UNIVERSIDADE FEDERAL DO CEARA. Downloaded on September 13,2022 at 11:55:40 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 1.7
  /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 true
  /OPM 1
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


