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Starting strategies of three-phase single-stage PFC converter
based on isolated full-bridge boost topology

Abstract. Starting strategies were investigated for a three-phase single-stage power factor correction (PFC) converter. Starting process and
mechanism of input over current was analyzed in detail. A lossy method was proposed and designed in which a resistor was connected in series
with the filter capacitor to increase effective value of output voltage. Based on them, the boost inductors were replaced by central-tapped inductors
with flyback windings, and a lossless starting strategy was proposed. Experimental results prove the validity and feasibility of the proposed methods.

Streszczenie. Przeanalizowano strategie startu tréjffazowego przeksztattnika do korekcji wspoiczynnika mocy PFC. Zaproponowano metode w
ktorej rezystor potgczony jest szeregowo z pojemnoscia filtru w celu zwiekszenia napigcia wyjsciowego. Cewka zostata zastgpiona cewkg z
zaczepami umoZliwiajgcej zmiane uzwojen. Zaproponowano bezstratng strategie startu. (Strategie startu tréjfazowego przeksztaftnika PFC

bazujgcego na petnomostkowej topologii typu boost)
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Stowa kluczowe: korekcja wspotczynnika mocy, przeksztattnik.

Introduction

Single-stage power factor correction (PFC) and power
conversion technique are important researching orientation
in power electronics field [1-3]. The isolated full-bridge
boost topology is attractive in applications such as isolated
DC/DC converter, single-phase and three-phase single-
stage PFC, because: (1) it can realize electrical isolation
between input and output sides and output voltage
regulation, (2) achieve soft-switching for all switches, and (3)
avoid short-through problem of the bridge legs switches [4,
5]. While, the topology itself has the following drawbacks: (1)
due to the existing of the transformer leakage inductance,
there is a voltage spike across each bridge leg switch, (2)
an additional starting-up circuit is required to establish an
initial output voltage [6, 7].

To solve the problems above, a number of techniques
have been proposed. In an effort to suppress the voltage
spike across the bridge leg switches, a method based on
active clamp technique is introduced in [8-11], and a
passive snubber is proposed in [12, 13]. The voltage spike
is suppressed efficiently after adopting either of the two
methods. For the starting problem, a RCD circuit is
connected in parallel with the bridge leg of DC/DC converter
in [14]. However, the method itself can result in low
efficiency and long starting time. In [7, 15, 16], a flyback
winding is coupled with boost inductor to realize starting-up
of the DC/DC converter. The method can also suitable for
single-phase PFC circuit, while, there are three boost
inductors in the input side of typical three-phase PFC
circuit, and the current of them flows bi-directionally, which
are different to that in single-phase PFC circuit, so the same
method can not be used in the typical three-phase PFC
circuit directly. A starting method based on flyback mode is
presented for three-phase PFC in [17]. However, three low
power RCD circuits must be adopted to absorb the leakage
energy during starting process, which increases the
complexity of the PFC converter.

In this paper, aiming at a three-phase single-stage PFC
converter based on isolated full-bridge boost topology, two
starting strategies are proposed and investigated, and the
validity and feasibility of the proposed methods is proved in
experiment.

Working principle and starting process

The PFC converter with active clamping circuit is shown
in Fig.1, where the active clamping circuit that made up of
Sc and Cc is to suppress the voltage spike. The driving
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signal of each switch is shown in Fig.2, where duty cycle of
switches S-S is fixed at 50%, the switching state of S4, Sz
is contrary to that of Sz, S4 respectively, and the switching
phase between S or S3 and S, or S4 can be controlled. The
switch Sc opens when the bridge diagonal leg switches (S1,
S4 or Sy, S3) are turning on, and the dead time {41, 42 are
used to avoid that Sc opens when the bridge leg switches
are shorted (S1, S, or S3, Sy are turning on).
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Fig.1 The PFC converter with active clamping circuit
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Fig.2 Driving signal of each switch

The converter operates in discontinuous current mode
(DCM). When the bridge leg switches are shorted, the boost
inductors L,, L, L. are charged by three-phase input
source, and their current i a, ib, iLc increases from zero
almost linearly. When the bridge diagonal leg switches turn
on, the output current is provided by both three-phase input
source and boost inductors, and i, iLb, iLc decreases. It can
be seen that the process above is repeated periodically, the
discontinuous current ia, ib, iic follow envelopes which is
proportional to the respective phase voltage.

When the converter starting, the voltage of output filter
capacitor C (the output voltage) increases from zero, so the
converter would operate in maximum duty cycle without any
soft-starting method. So the following analysis of the
converter's starting process is under the condition of
constant duty cycle.
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The converter starts from zero output. After several
charging periods of boost inductors, the output voltage can
be increased to the steady value U,, and the starting
process is over. So during the m-th period, when the bridge
leg switches are shorted, the current increment of boost
inductors can be calculated:

]Laml+ = uanDT/L
(1) I, . =u, DT/L
]LcmH = uanT/L

where, Ls=Lp=L.=L, D and T are the duty cycle and the
charging period of boost inductors respectively, as shown in
Fig.2, and uan, Ubn, Ucn are the phase voltage of three phase
input source, which are defined as:

u, =Usin ot
(2) u,, = U sin(wt —2n/3)
u,, =Usin(wt +2n/3)

When the bridge diagonal leg switches are turning on,
we will get:

di
u —Lﬂ—nU +L—"=u,,

an om

om

3) u, —1 Yy G
dt dt

u,, +u, +u, =0

iLam + iLbln + chm - 0
where Uqnm is the voltage of the output filter capacitor during
the m-th charging period (The varying of Uom is negligible
here), and n is the turn ratio of transformer T.

From Eq. (3), the current increment can be calculated

when the bridge diagonal leg switches are turning on:

DT nU__ —3u

i () =—u, ——=—=(-DT

Lam() L an 3L ( )
DT 2nU . +3u,,

(4) lme (t) L ubn + 3L : (t_DT)

DT nU__ —3u

i) =—u, ——=@-DT

Lum() L cn 3L ( )

In Eqg. (4), the former is current increment of boost
inductors when the bridge leg switches are shorted, the
direction of which is the same as that of the phase voltage
itself. The latter is the current expression of boost inductors
when the bridge diagonal leg switches are turning on.

To simplify the analysis, the following analysis is during
the time O<wt<m/6. From Eq. (4), we can get the current
increment of phase B (the maximum one) when the bridge
diagonal leg switches are turning on:

2nU,, +3u,,

e (1-D)T

() 1 Lbm2+

During the time 0swt<m/6, we know u,,<0, while we can
see that lm1+<0. So according to /lm2+, the starting
process can be divided into three phases as the output
voltage increases, as shown in Fig.3.

From Fig.3, we can see that: when the converter
operating in the starting phase 1 or phase 2, the current of
boost inductors increases in each charging period, and after
several periods, there will be serious over current in boost
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inductors. The maximum current appears at the
intermediate time of phase 2 and phase3, which time we
assume is the k-th charging period. So the maximum
current can be given by:

(6) ILbk+ = ubn

Zk:2nU o+ 3u, (1-D)T
m=1

| DT | (1—D)T| |

i Lb T S = Lbm2+
+ ~I
phase 1 phase 2
I DT | (1-D)T | |
-1 Lbm1+ - Lbm2+
i
phase 3

Fig.3 Current varying of each phase

Loosy starting strategy

From the analysis above, we know that the over current
of boost inductors when the converter starting must be
suppressed efficiently. However, when the converter
operates in the starting phase 1, the current of boost
inductors increases not only in DT but also in (1-D)T during
the whole period T. So the additional soft-starting method
can not be used here.

According to the working principle of the converter, a
lossy starting strategy is proposed. The circuit of output side
is shown in Fig.4 (the circuit of another side is the same as
that in Fig.1), A resistor R (R=R1+R2) is connected in
series with capacitor C to increase the effective output
voltage when boost inductors discharging. When the output
voltage increases to some a certain value, Ry, Rz will be
shorted respectively to realize the steady transition of the
converter from starting state to normal state.
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Fig.4 Lossy starting circuit

The m-th charging period is also considered here. When
the bridge leg switches are shorted, the current increment
expression of boost inductors is the same as that of Eq. (1),
however when the bridge diagonal leg switches are turning
on, the current increment of phase B is given by:

e ] _2nU,, +3u,

Lbm2+ 3L (1 - D)T

where Uom is output voltage during the m-th period, and its
expression can be given by:

(8) Uonn = RlZ = (Rl + R2)i] + Uom

) i i, =i

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 3/2011



Compare Eq. (7) with Eq. (5), we can see that Usrm>Uom.
So if the value of R; is suitable, the starting phase 1 of the
converter could be eliminated, the starting phase 2 could be
shorten, and the converter can start normally.

Lossless starting strategy

Based on the lossy starting strategy, a lossless starting
strategy based on flyback mode for the converter is
proposed to increase efficiency of the converter when
starting. The circuit is shown in Fig.5, the boost inductors in
Fig.1 are replaced by the central-tapped inductors with
flyback windings, where La1=Lap=Lp1=Lp2=Lc1=Lc2=L, nr is the
turn ratio of the boost inductors. The converter operates in
boost mode when working in steady state, while it operates
in flyback mode when starting. The driving signal of each
switch in flyback mode is shown in Fig.6.
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Fig.5 Lossless starting circuit
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Fig.6 Driving signal of each switch in flyback mode

During one charging period, there are two stages when
the converter starting. The current waveforms of boost
inductors during one period are shown in Fig.7. The
following analysis is during the time O<wi<m/6.

Stage 1 (fo-t1): The bridge diagonal-leg switches are
turning on (assume that S, and Sz are turning on), the
equivalent circuit is shown in Fig.8. Capacitor C is charged
by three-phase input source, and iia1, iib2, fic1 iNnCreases.
The following relationships can be obtained:

di di
u, —L8 U, [
dr dr

= ubn

di di
(10) u, —L U, + LS =y
dr dt

uan +ubn +ucn = 0
Ipg Hipgy +ip =0
where, Usm is output voltage of this period. From Eq. (10),

the current expressions of boost inductors can be
calculated as:

. 3u, —nU,,
t) = an ofn (s _¢
Iy (7) 3L (1—1ty)
3u, +2nU
1 2 fy=""tn T Tofm iy g
( ) Lbz() 3L ( ﬂ))
. 3u, —nU,
t) = cn ofn (4 _ ¢
chl() 3L ( f())
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The output voltage is increasing in starting process.
From Eq. (11), we can see that. when nUsm>3uan, the
current of phase A will be fixed at zero, and then the
following relationships can be obtained:

di, diy,
(12) ucn_LF_nUoﬁn_‘_Ld__ubn

Iy i =0

From Eq. (12), the current expressions of boost inductors
can be calculated as:

i,@=0

(19) iLb2(t) :_iLcl(t):

Upn + nUofm — Uy (t —t )
21 0

Stage 2 (t+—T): All the switches are turning off, the
equivalent circuit is shown in Fig.8. The current of boost
inductors became zero, and the energy of boost inductors is
transferred to output side through flyback windings (the
leakage energy of boost inductors can be absorbed by
capacitor Cc). The current expressions of flyback windings
are given in Eq. (14) and Eq. (15) respectively, when
Uofm<3uan and Uofm>3uan-

. 3uan _nUom Uo m
laf(t) :T‘nfoT— Lf (t—tﬂ)

f

3uy, +2nU U
Upn U o n, DtT _ ~ofm (t _ tf] )

14 i, (t)=-
(14) or (1) 3L L,
. 3ucn_nljom Uom
lcf(t)zT‘”foT_ L: (1=ty)
i, (1)=0
15 . . ucn_nUom_un Uo}n
iy =i,0= i ~ton Yoty

2L L,

where, D=(t1—t)/T is the duty cycle of the converter in
flyback mode.

From the analysis above, we can see that: when the
converter is starting, energy can be transferred to the output
side through flyback windings, and the output voltage can
be established, so the converter can achieve starting-up
normally.
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Fig.7 Current of boost inductors when the converter starting

From the analysis of operational principles, we know
that the flyback windings coupled with boost inductors are
used to achieve starting-up of the converter, and they can
not be used in the steady state. In the steady state, the
bridge voltage is nU, when the bridge diagonal-leg switches
turn on, while if the flyback windings are working, the bridge
voltage would be 2nU,. So to make sure the flyback
windings can not be working in the steady state, the
following relationship is obtained:
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(16)
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Fig. 8 Equivalent circuit of the converter when starting

Under the same output voltage, the bridge voltage of the
converter operating in flyback mode is higher than that in
boost mode, which will result in the over-voltage of each
switch. If the over-voltage here is limited within 20%nU,, the
following relationship is obtained:

(18) 2n, <1.2n

So, we can get the design principle of ns from Eq. (17)
and Eq. (18):
(19) 0.5n<n, <0.6n
Experiments

A 3kW prototype is fabricated to verify the analysis
above, where L=76pH, n~=1.143 (16:16:14), Cc=4uF,
C=1000pF, R=30Q (full load), n=2, the switching frequency
of $4-S4 is 20kHz. Fig.9-13 shows the experimental results.

Fig.9 shows the input waveforms of the converter in

steady state. We can see that the peak of input current is
sinusoidal which follows the input voltage.

v

U(100V/div)

ia( 10A/div)

t(5ms/div)
Fig.9 Input voltage and current in steady state

Fig.10 shows the input current waveform when the
converter starts under the condition that D=40%. To protect
the circuit, this experiment is under the condition that uan,
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Upbn, Ucn is decreased to 40Vrms and the capacitor C is
decreased to 470uF. We can see the serious over current
when the converter is starting.

fL(3A/div)

{( Sms/div)
Fig.10 Input current when converter starting in D=40%

Fig.11 and Fig.12 show the experimental results of lossy
starting, where fw1 and tw2 are the times that Ry and R are
shorted respectively. We can see that after 1-2 line cycles
(20-40ms), the converter begin to operate in steady state,
the over current in starting state is suppressed efficiently,
and it achieves starting-up normally and steady transition
from starting state to normal state for the converter.
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{ 10ms/div)
Fig.11 Input current when lossy starting strategy is adopted
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Fig.12 Output voltage when lossy starting strategy is adopted

Fig.13 shows the experimental results of lossless
starting. We can see that: 1) the converter operates in
flyback mode in the starting process, 2) after about three
line cycles (60ms), the output voltage is established, and
the converter is transferred into boost mode, 3) no over-
current appears during the whole starting process.
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Flyback . . Boost _
: : i : : : :
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Fig.13 Experimental results of lossless starting
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Conclusions

Starting strategies of a three-phase single-stage PFC
converter is investigated in this paper.

(1) Starting process under the condition of constant duty
cycle is analyzed in detail, and the mechanism of over
current during starting process is obtained.

(2) A lossy starting strategy is proposed in which a
resistor is connected in series with the output filter capacitor
to increase the effective value of output voltage.
Experimental results show that it achieves starting-up
without over current and steady transition from starting state
to normal state for the converter.

(3) A lossless starting strategy is proposed in which the
converter operates in flyback mode when starting, and the
flyback windings are used to establish the output voltage.
Experimental results show that the converter realize
starting-up normally.

Acknowledgment
This paper and its related research are supported by
grants from the Power Electronics Science and Education

Development Program of Delta Environmental &
Educational Foundation.
REFERENCES

[1] Alonso J. M., Costa M. A. D., Ordiz C., Integrated buck-flyback
converter as a high-power-factor off-line power supply, IEEE
Trans. Ind. Electron., 55(2008), No. 3, 1090-1100

[2] Lee J. J., Kwon J. M., Kim E. H., Choi W. Y., Kwon B. H.,
Single-stage single-switch PFC flyback converter using a
synchronous rectifier, IEEE Trans. Ind. Electron., 55(2008), No.
3, 1352-1365

[3] Hamdad F. S., Bhat A. K. S., A novel soft-switching high-
frequency transformer isolated three-phase ac-to-dc converter
with low harmonic distortion, IEEE Trans. Power Electron.,
19(2004), No. 1, 35-45

[4] Barbosa P. M, Barbi I, Single-switch flyback-current-fed dc-dc
converter, IEEE Trans. Power Electron., 13(1998), No. 3, 466-
475

[5] Chen J. F., Chen R. Y, Liang T. J., Study and implementation
of a single-stage current-fed boost PFC converter with ZCS for
high voltage applications, IEEE Trans. Power Electron.,
13(2008), No. 1, 379-386

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 3/2011

[6] Yang E. X., Jiang Y. M., Hua G. C., Lee F. C., Isolated boost
circuit for power factor correction, in Proc. IEEE APEC 1993,
196-203
[71 zhu L. Z,, Wang K. R,, Lee F. C., Lai J. S., New start-up
schemes for isolated full-bridge boost converters, IEEE Trans.
Power Electron., 13(2003), No. 4, 946-951
[8] Panov Y, Cho J. G., Lee F. C., Zero-voltage-switching three-
phase single-stage power factor correction converter, IET
Electr. Power Appl., 144(1997), No.5, 343-348
[9] Yakushev V, Meleshin V, Fraidlin S, Full-bridge isolated current
fed converter with active clamp, in Proc. IEEE APEC 1999,
560-566
[10] Park E. S., Choi S. J., Lee J. M., Cho B. H., A soft-switching
active-clamp scheme for isolated full-bridge boost converter,
in Proc. IEEE APEC 2004, 1067-1070

[11] Wang D. Q., Ben H. Q., Meng T, A novel three-phase power
factor correction converter based on active clamp technique,
in Proc. ICEMS 2008, 1896-1901

[12] Meng T, Ben H. Q., Wang D. Q., The passive snubber circuit
suitable for a three-phase single-stage full-bridge PFC
converter, Transactions of China Electrotechnical Society,
25(2010), No. 2, 94-100

[13] Meng T, Ben H. Q., Wang D. Q., Zhang J. M.. Research on a
novel three-phase single-stage boost DCM PFC topology and
the dead zone of its input current, in Proc. IEEE APEC 2009,
1862-1866

[14] Jiang X. S., Wen X. H., Xu H. P., Soft start-up schemes for
isolated boost full-bridge converter based on DSP, Power
Electronics, 39(2005), No. 6, 105-106

[15] Wang K. R., Zhu L. Z., QuD. Y., Odendaal H, Lai J, Lee F. C.,
Design, implementation, and experimental results of bi-
directional full-bridge dc/dc converter with unified soft-
switching scheme and soft-starting capability, in Proc. IEEE
APEC 2000, 1058-1063

[16] Qiao C. M., Smedley K. M., An isolated full bridge boost converter
with active soft switching, in Proc. IEEE PESC 2001, 896-903

[17] Meng T, Ben H. Q., Research on methods of starting-up and
stopping magnetic reset for a three-phase single-stage full-
bridge PFC converter, Proceedings of the CSEE, 30(2010),
No. 21, 13-19

Authors: dr. Tao Meng, 426#, School of Electrical Engineering and
Automation, Harbin Institute of Technology, Harbin, 150001, China,
E-mail: mengtao@hit.edu.cn; prof. Hongqi Ben, School of Electrical
Engineering and Automation, Harbin Institute of Technology,
Harbin, 150001, China, E-mail: benhq@hit.edu.cn.

285




<<
  /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


