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ABSTRACT

Many single and three-phase converters are well developed, and covered up in most of electric markets. It is used in
many applications in power systems and machine drives. However, an exact definite output signal from the dc side still
not recognized. The waveforms of output voltage and current demonstrate an imperfect dc signal and constitute losses,
harmonic distortion, low power factor, and observed some ripples. An approximately perfect rectifier bridge is the aim
of this research. Perhaps it gives the ability to identify the parameters of the converter to obtain, as much as possible, a
perfect dc signal with less ripple, high power factor and high efficiency. Design is implemented by simulation on Power
Simulator PSIM, and practically, a series regulator LM723 is applied to provide regulating output voltage. Compari-

sons of both simulation and hardware results are made to observe differences and similarities.
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1. Introduction

In industrial application, Direct Current (dc) is used for
controlling application such as Programmable Logic Con-
troller (PLC), Microcontroller, dc motor and many com-
mercial and domestic appliances [1-4]. Rectifier has be-
come a popular power source [5—7] for these appliances
because of its reduced cost and relatively low sensitivity
to supply voltage variations under normal operating con-
ditions. Stability is the key issue in these applications as it
involves certain precision and decision making [8]. These
systems are usually employed in automotive and aero-
space applications [6,9] where tiny little error in the sup-
ply (unstable dc) might cause a large disaster.

The processed output voltage, current as well as fre-
quency, will be as desired by the load. If the power proc-
essor’s output can be regarded as a voltage source, the
output current and the phase angle relationship between
the output voltage and the current depend on the load
characteristic. Also, normally, a feedback controller will
be provided to perform comparison to the output of the
power processor unit with a desired reference value, and
the controller minimizes the error between the two.

Generally, design of converter that can be considered
as a good design, should cover few essential aspects [10].
One of them will have to be efficient, which can be con-
sidered as the ultimate goal of design in power electronic.
Besides that, a few current issues can be directly and in-
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directly affected the course of a design of a converter.
One of these significant issue is the line quality, whereby
is critical to ensure that the utility lines and transformer
would supply undistorted wave voltage to customers. The
source and line inductances play an important role in the
line quality issue. With the presence of the reactive power
to the line, it increases the volt-ampere rating. Thus, the
input ac line voltage becomes distorted from the higher
peak currents. As a result, high reactive components are
being used. This is a drawback because a poor power
factor causes heavy expenses to the user.

Besides that, the growing concern regarding harmonic
pollution of the power distribution system creates aware-
ness for clean ac line current and a power factor close to
unity. The phase angle of the fundamental harmonic cur-
rent [2,5] with respect to the line voltage is a very impor-
tant parameter that determines the power factor. These
issues are some of the critical aspects that should be taken
into consideration when designing a good converter.

Power factor correction is achieved by the addition of
capacitor in parallel with the connected motor circuits
and can be applied at the starter, or applied at the switch-
board or distribution panel. The resulting capacitive (leading)
current is used to cancel the inductive (lagging) current
flowing from the supply.

The microcontroller program performs this. The mi-
crocontroller is programmed in such a way that it will
perform the checking the phase difference every 1/2MHz
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second (microcontroller running on 2MHz crystal) and
calculate out the phase different between the current and
voltage waves. The calculated value will be converted
into signal to activate appropriate capacitor to correct the
power factor [2,11,12].

Capacitors are installed parallel to the source, waiting
for the signal from the microcontroller. When microcon-
troller sends signal, the signal will be amplified via
MOSFET and activate a relay. The relay hence will turn
on the capacitor. The feedback circuit is designed in such
a way that the system is allowed to be a capacitive system
but not an inductive system.

2. Implementation of Single Phase Converter
2.1 Step-Up Converter with Feedback Control

To further improve the output signal generated, by means
of current shaping, it can be archived through step-up
converter with feedback control applied at dc side of the
rectifier to replace the LC filtering component. With this
arrangement, it is possible to shape the input current
drawn by the rectifier bridge to be sinusoidal and in
phase with the input voltage. For the purpose of better
illustration, Figure 1 shows the circuit configuration. At
the input side, the input current i is desired to be sinu-
soidal and in phase with input voltage V, also, at the full
bridge rectifier output, i; and absolute value of V; will
have the same waveform as well. For the theoretical
analysis below, the power loss of the rectifier bridge and
the step-up converter will be neglected due to the fact
that the losses are somewhat small.

Thus, we have, for Vs =\/EVS and /s =x/§IS , the in-
put power can be expressed as:

P,(t)= VS|sina)t| 1S|sina)t|:VS[S —Vslgcos2mt (1)

The average value of current /, can be expressed as:
Vsls

Lq=1ipga = 2
d
Also, the current through the capacitor is:
Vel
ic(t)z—%cos%ot:—ld cos2mt 3)
d

From these expressions, the ripple in ¥, can be deter-
mined by means of estimation, as shown in Equation (4):

E

sin2wt

1 r. 1
Vi, ripple(£) zC_d icdt= 2 4)

wCy

The step-up converter shown in Figure 1 is operating
in current-regulated mode, as our main purpose is to
shape the input current of the step-up converter. The
feedback control, represented in block diagram, is shown
in Figure 2. This feedback control serves as the purpose
of comparing the output generated with a reference value,
in order to minimize the error between these two.

ip* shown in Figure 2 is the reference value of the cur-
rent i; in the step-up converter. The amplitude of i *
should be such that as to maintain the output voltage at a
reference level of V,* in spite of the variation of load
and the fluctuation of the line voltage from its nominal
value. The waveform of i;* is obtained by means of
measuring absolute value of V; by a resistive potential
divider and multiplying it with the amplified error be-
tween the reference value V,;* and the actual measured
value of V; On the other hand, the actual current i; is
sensed, usually by measuring the voltage across a small
resistor inserted in the return path pf i;. The status of the
switch in the step-up converter is controlled by compar-
ing the actual current i; and i, *.

If constant frequency is applied for this feedback con-
trol, the ripple current can thus be expressed as:

_ aPshls| )
np SsLaVa

In terms of maximum ripple current, it can be ex-

pressed as:

(6)

rip,max —

Step-up converter

Figure 1. Step-up converter for current shaping
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Figure 2. Feedback control block diagram
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84 Implementation of a Higher Quality dc Power Converter

The step-up converter topology is well suited for the
input current shaping method because when the switch is
off, the input current directly feeds the output stage.

2.2 Complete Design with Step-Up Converter at
dc Side

The feedback controller shown above operates by com-
paring the output generated with a reference value set. In
simulation, the actual output current is sensed by a cur-
rent sensor connected at dc side of the rectifier, and this
actual value of /, is sent to negative probe of the summer.
The reference value of I, is transmitted through positive
probe of summer. The comparison of signal will take
place at the comparator, with signal generated from PI
controller and triangular wave.

For better reference, Figure 3 shows the complete de-
sign of single-phase controlled rectifier with step-up
converter and feedback control implemented in PSIM.
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Figure 4. Waveforms for output voltage and output current
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2.3 Simulation Results

Simulation is carried out based on similar parameters app-
lied on rectifier design without step-up converter in order
to observe the difference between these two designs.
Similarly, for better illustration, simulation results corre-
sponding to firing angle of 30° are shown in Figure 4.

2.4 Comparison of Results

Comparison between the two types of rectifier design
configuration is given in Table 1. It shows some of the
essential parameters corresponding to firing angle of 0°.

The table indicates that thyristor converter with step-up
converter and feedback control shows an improvement in
overall aspects. In terms of THD, it improved from 49%
to 21%. While as for power factor produced, it increased
from 0.81 to 0.98.

2.5 Design of Hardware

In hardware manner, the variable dc output will be con-
trolled by means of applying a regulator chip LM723 to
control the output voltage generated. This design method
is rather different than the design approach implement in
simulation. One of the reasons for this is that an exact
solution for hardware implementation based on design in
simulation has not yet been found; these reasons will be
outlined in more details in problems encountered and
suggestions for further development. For this practical
design, in terms of rectifying component, Diode Bridge
will be applied for this hardware implementation. For
better illustration, the circuit diagram for the practical
design is shown in Figure 5.

For this particular design, the input voltage V is equal
to 18V, which is stepped down by a transformer, not
shown in the figure. Diode D1, D2, D3 and D4 forms the
diode bridge, KP206G. Also, another diode, IN539 is
applied at dc side. One of the functions for this diode is to
act as a feedback blocker, whereby it steers any current
that might be coming from the device under power around
the regulator to prevent the regulator from damages.
These sorts of reverse current usually occur when the
rectifier is been powered down.

2.6 Operation Analysis

Basically, this practical rectifier design applies a different

Table 1. Comparison of results

Types of rectifier configuration

L Without Step-up  With Step-up converter
Converter and feedback control
Output voltage 200V 246.5V
Ripple voltage 4.3V (2.15%) 3V (1.21%)
THD 49% 21%
Power Factor 0.81 0.98
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Figure 5. Circuit diagram of practical converter design

comparable approach to implement in simulation. Refer-
ring to Figure 5, with the use of the transformer, to steps
down the input voltage to 18V. The voltage rectified by
the diode bridge to produce unfiltered dc output voltage.
This unfiltered dc output voltage will contain big ripple
and is pulsating. This pulsating output voltage will then
been filtered by the capacitive filter of 1100 uF capacitor
in order to manageable for the regulator.

As noticed in Figure 5, there’s only capacitive filtering
applied to the design, this is due to the fact that in low-
power applications, the inductor required for rectification
design could be a costly item, that’s the main reason most
low-power converters dispense with the inductor and
apply a direct capacitive filtering method. With no load,
the dc voltage across the terminals of the filter is going to
be 18 to 30 volts.

The regulation is obtained using the Darlington pair
(TR1 and TR2). They in turn are controlled by the 723
regulator. 723 has its own internal highly regulated volt-
age reference supply (pin 6). Internally the 723 compare
this reference voltage to the output of the power supply
and it is varied by means of variable resistor VR, shown
in Figure 5. This sets the output voltage. The regulation
process evolves around pin 11 and pin 6 of LM723 regu-
lator. Pin 11 of 723-regulator control voltage supply, and
this V¢ will trigger the base of TRI, which is 2SA966,
PNP transistor, which will act as a simple amplifier to
increase the current available to drive the base of the pass
transistor, i.e. TR2 2N3055. This explains the function of
Darlington transistor pair applied.

Capacitance of 0.01uF connected to frequency com-
ponent (pin 13) of 723-regulator function as a transient
response improver, which improves the response of the
regulator when it is operating during high frequencies.
Regulated dc output, will be filtered again by capacitance
of 470uF to produce an output voltage that contains a
minimum ripple and close to pure dc voltage. Necessary
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protective device have all been installed in this practical
design such as fuses, metering component for voltage and
current, not shown in the figure. Note here, these meter-
ing component are meant for as a guideline as the accu-
racy of these meters might be a £1V difference for the
case of voltmeter. Therefore, for better accuracy, a multi-
meter should be used.

Figure 6 shows an overall view of practical design.
Note, TR2 and 2N3055 are mounted on a huge heat sink.
This step is necessary, as the heat sink installed will helps
to dissipate the massive flow of heat generated to the pass
transistor.

2.7 Comparison of Results

As design implemented from hardware manner, which
applied the diode bridge as main conversion component,
for comparison purpose, we compare the results from de-
sign in the simulation corresponding to firing angle of 0°.
Table 2 shows results from both of the design. It shows
that the design implemented in simulation use 20V as

Figure 6. Overall view of practical design implemented
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Table 2. Comparison of results
Design method

Parameters Design from simulation . .

(firing angle = 0°) Practical Design
Input Voltage 20V 18V
Output Voltage 37.7V 15.8V
Ripple voltage 1.24V (3.3%) 800mV (5.06%)
Output Current 0.37A 0.18A
Output power 13.9W 2.84W
THD 30.2% 47.7%
Power Factor 0.96 0.90

input voltage, as main concern is on low power applica-
tion. While in hardware design, the input voltage is in
18V, which is stepped down by a step down transformer.
18V secondary side voltage is one of the common rates
of voltage used in terms of low voltage application.

Results shown clearly indicate that the simulation have
gain advantages over the practical design. These are shown
through power factor produced and total harmonic distor-
tion created. However, the difference in terms of power
factor and ripple voltage didn’t show a big difference.
The only major difference comes from the total harmonic
distortion.

Note that when comes to comparison of results from
simulation and practical manner, some slight discrepan-
cies should be taken into account. This is due to the fact
that from simulation point of view, generally ideal com-
ponents are used and so they have theoretical constraints
associated with them, which is possible to differ slightly
from the actual physical component. As for practical
converter, there might be losses in the process of stepping
down voltage as well as where conversion from ac to dc
takes place. Besides that, each of the components, par-
ticularly resistors and diode used, all contribute to losses
generated.

3. Implementation of Three Phase Converter
3.1 Feedback Control Loop

As far as power factor and total harmonic distortion is

Implementation of a Higher Quality dc Power Converter

concern, inductors are added at the source to compensate
the capacitive value produced by the capacitor at the fil-
tering device. This solution is being taken one step fur-
ther to install a feedback control device to compensate
the inductive value produced by the load in case the con-
verter is used for a dc motor. Thus, a feedback control
loop is proposed to improve the power factor of the sys-
tem. This is shown in Figure 7.

Power factor correction is achieved by adding capaci-
tors in parallel with the connected motor circuit and can
be applied at the starter or the switchboard or distribution
panel. The resulting capacitive current is leading current
and it is used to compensate the lagging inductive current
flowing from the supply.

This correction task is carried out by micro-controller,
which is specially designed to perform the checking and
correcting the incoming voltage and current. External
comparator MCP6024 is used to convert the analogue
signal to 2-bit digital signal. The converted signal is then
input into the microcontroller to perform phase difference
analysis.

Signals that are about to be input into the microcon-
troller are phase-shifted voltage and the voltage that repre-
sents the current. Phase-shifted voltage is obtained near
the load for the voltage at the load will represent the volt-
age’s phase shift. Voltage’s phase is taken as variable
while the current’s phase is taken as constant. If the load
is capacitive, the voltage’s phase is lagging the current’s
phase. If the load is inductive, the voltage phase is lead-
ing the current phase.

The microcontroller will observe the voltage phase.
When the microcontroller detected a ‘1’ for voltage, it
will then observe the current phase (represented by volt-
age across the load). If the current is not detected, it will
return a ‘1’ and activate capacitor A from the capacitor
bank. After that, it will check both the voltage and cur-
rent phases again. If the current phase is again not de-
tected when the voltage phase is detected, it will return
another ‘1’ and now, activate capacitor B. The whole
process will repeat until the capacit or E in the capacitor
bank is activated, or, the current is detected when the
voltage phase is detected. The process algorithm is shown

AC Line Current N |- 5 Current and
Voltage Filter —| Bridge Rectifer =:> Voltage Filter
30V DC
Buck Converter
Power Factor 24V.15V.12V.
Corrector 5V DC
Tr Load
AC
yoltage
(Ref)

Figure 7. Feedback controlled three phase converter
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Implementation of a Higher Quality dc Power Converter 87
in Figure 8. Every time when there is a change in the load Reset for new
(manually), then the power factor corrector has to be re- oad in stallatio
set in order to function properly. The power factor cor-
rection algorithm is being implemented in MATLAB
simulation. The program enables the user to input the Detect
load inductance and the program will return the number Voltage
of capacitor of the dedicated value needed. It can also
display the uncompensated and the compensated wave-
forms. The output is shown in Figure 9.
Il'l Figure 9, the load used is 1.0 kQ and the load induc- Voltage rising Yes
tor is 1 mH. There are 99 capacitors rated 100 pF needed N detected
to compensate the inductance. It is understood that the ©
compensation could not be 100% because the signal is
being sampled with Nyquist sampling rate. The program b e
is written in such a way that the microcontroller will en- etect Current
sure that the system is capacitive rather then inductive.
3.2 Integration of Designs
The designs are being integrated together to form a com-
plete ac-dc converter with high power factor, low har-
monic distortion and low voltage ripple. This is shown in
Figure 10 following Figure 7.
It is noticed that the 1M Q resistor at the output of the
rectifier circuit is being removed. This is to allow the
current to flow completely into the load circuit without -
. Increase capacitor
any additional current drawn over unnecessary load. by 1 unit
The duty cycle D of the Buck converter is set to four I
mode of operation, namely, 0.167, 0.4, 0.5 and 0.8. These
duty cycles will give 5V, 12V, 15V and 24V respectively. Figure 8. Power factor corrector flowchart
Uncompensate Voltage and Current
1 Fan AWAW | AWAN AWAY
‘ I — Voltage L
N 05 —Voltage simulated current
an
g \Y/\&/ |
>
051 }
1 1 I
0 0.05 01 015 02 025 03
Compensated Voltage and Current
"+ compensated load current
— source voltage
Time (s)
Figure 9. Power factor correction made onto the inductive system
Copyright © 2010 SciRes JEMAA



88

It is also noticed that the source rms line voltage is be-
ing step up to 23V. This is because, the diodes used are
no longer ideal diode, and a 0.7V voltage drop is intro-
duced across the diode. Increasing the source voltage to
23V rms will ensure that the four duty cycle operation
modes will achieve the desired output.

3.3 Simulation

At D=0.8, the desired output is 24V and 10kQ sample
load is placed at the output of the ac-dc converter. The
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output current and voltage is shown in Figure 11:

The output is being evaluated in frequency domain as
is shown in Figure 12.

It is noticed that the output current and voltage shows
an extremely low ripple and the rise time is less than 0.4
seconds. In frequency domain, the frequency component
is less than 200Hz, which means, the harmonic of the
output is extremely low, even the fundamental frequency
(300Hz) is almost completely reduced.

io

,02m 12 fh R /%%1\}\1
pias
}S 220n =+ o (J>jv°
10k
56m ==
Vpwm

change_this_for_duty cycle
0.167

Figure 10. Integration of the rectifier and Buck converter
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Figure 11. Output current and voltage waveform with D=0.8

JEMAA



&9

Implementation of a Higher Quality dc Power Converter

2500 L2
2.50m
150m
050m

500

1.00

0.10

001

0.001

0.000

0.000

0.000

0.000

0.000

Fraquency (KHz)

=0.8

Figure 12. Output current and voltage in frequency domain with D:
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It is noticed that the efficiency is increasing while the
input rms voltage increase. The voltage drop is to over-

come the cut-i

0n

3.4 Implementat

Implementation is done up to the LC filter stage. The
schematic that is being implemented is shown in Figure

in voltage across the diode. There is some

voltage drop observed across the filter inductor due to the
change of the current. The voltage drop across the induc-
tor is very small as the current stabilized over a short

ripple
period of time.

E

Table 3 shows the input voltage, output voltage

13 with resistance value of 1.2M Q. The constructed
voltage, and the efficiency.

hardware is given in Figure 14
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Figurer 14. Hardware implementation of the rectifier

Table 3. Tabulated simulation output

Vin (rms) Vou (V) V(mV) Vv, Efficiency
2 1.3 12.96 0.978% 46.87%
4 42 41.18 0.992% 73.38%
6 7.0 67.81 0.972% 82.22%
8 9.8 93.61 0.955% 86.64%
10 12.6 123.88 0.981% 89.29%
12 15.5 152.06 0.984% 91.06%
15 19.7 197.31 1.002% 92.83%

As the input voltage increases, the efficiency increases
because the voltage drop across the diode is a fix value.

The difficulty encountered during the simulation is that
the inductor used could not sustain high power such that
the inductor will blow off when the input rms voltages
exceed 15V. This can be improved by using bigger in-
ductor. The capacitor filter used could sustain 35V.

4. Conclusions

The design development stages in simulation from stud-
ies of fundamental circuits to the development of final
design, which utilizes the feedback controller at dc side
of the converter to further, improve the current waveform
and thus producing an output signal with less distortion
and better power factor. This design is then been use as a
reference to implement a design in practical manner.

This proves that the feedback controller applied with
the step-up converter can help in producing a better out-
put signal.

The goal to achieve low harmonic distortion, high
power factor and low ripple voltage can be achieved. The
implementation is of low cost and the components used
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are easy to obtain.

The development of the power factor corrector could
be used in some other aspect such as three-phase air-
conditional circuit, or three-phase induction motor. In or-
der to activate the power factor corrector on the ac-dc con-
verter circuit, more research needed to be done.

The converter’s components are designed in such a
way that it can sustain the load resistance from 10Q to
100kQ. The rise time is maintained to be less than 0.5
seconds and the output voltage and current are critically
damped. This is to ensure that transient output would not
damage the equipment connected to it.

REFERENCES

[1T N. N. Barsoum and W. K. Janng, “Programming of PIC
micro-controller for power factor correction,” CD Pro-
ceeding of Asia Modeling symposium AMS, Phuket,
Thailand, pp. 14-18, 27-30 March 2007.

[2] N. N. Barsoum and F. Png, “High quality ac power with
TRIAC inverter,” CD Proceeding of Australian Universi-
ties in Power and Energy Conference AUPEC, Melbourne,
Australia, 10-13 December 2006.

[3] P. Spasov, “Microcontroller technology: The 68HC11,”
3rd Ed., Prentice Hall International, 1999.

[4] K. Ogata, “Modern control engineering,” 4th Ed., Prentice
Hall International, 2002.

[5S] N. Mohan, T. M. Undeland, and W. P. Robbins, “Power
electronics, converters, applications and design,” John
Wiley & Sons, Inc, 2003.

[6] L. Van Der Sluis, “Transients in power systems,” John
Wiley & Sons, Ltd, 2002.

[71 J. M. Bourgeois, “Circuit for power factor correction with
regards to mains filtering,” STMicroelectronics, Italy. Re-
trieved August 23rd, 2006 from http://www.st.com/ston
line/proucts/literature/an/3727.htm.

[8] N. N. Barsoum and M. R. Harris, “Theorems of torque
coefficients on stability for induction and reluctance ma-
chines,” International Journal of Electrical Engineering
Education IJEEE, Manchester Institute of Science and
Technology UMIST, UK, Vol. 38, No. 3(7), pp. 260-275,
2001.

[91 N. N. Barsoum and S. K. Wong, “Implementation of an
active converter for high quality dc power performance,”
Proceeding of International Conference on Electric Ma-
chines ICEM, in CD, Chania, Greece, 2-5 September 2006.

[10] D. A. Neamen, “Semiconductor physics and devices: Ba-
sic principles,” 3rd Ed., McGraw-Hill International, 2003.

[11] Power Factor, LM Photonics Ltd. Retrieved September
8th, 2006 from http://www.lmphotonics.com/pwrfact.htm.

[12] http://www.uoguelph.ca/~antoon/circ/vps.htm.

JEMAA




<<
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


