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Abstract: Regarding the power, the efficiency and the emission of the low speed diesel engine, this paper has
studied the matching and optimizing technique in the diesel engine combustion process emphatically, proposed
the electrically controlled fuel injecting system with the high-pressured common rail as well as the humid air
motor method and the system plan. The practice proved that the fuel injecting system with the high-pressured
common rail and the humid air motor system can improve the combustion process most efficiently, thus enhance
the diesel engine’s performance, and reduce the pollutant discharge. In response to the increasingly stringent
diesel emission regulations, the paper analyzes the relationship of the low-speed marine diesel engine’s emission
with the combustion process, the fuel injection law, the exhaust recirculation and the SCR. Then the scheme of
the fuel injection system with the high-pressure common rail for the low-speed diesel engine is proposed, and
the test system for the diesel engine’s emission performance is established. Through the experimental research,
the optimization and matching technology for the diesel combustion process based on the emission control is
analyzed, and the best injection law of the diesel engine is revealed under the different conditions. That will
provide the technical support for the design and operating management of the diesel engine.
Copyright © 2013 IFSA.

Keywords: Optimizing technology, Combustion process, Marine diesel engine, Emission control, Fuel injection
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1. Introduction

The low-speed two-stroke marine diesel engine is
composed by the fixed part, the moving part, the
distribution system, the fuel system, the lubrication
system, the cooling system, the starting system, the
speed regulation device, the reversing arrangement,
and the supercharging system. As a result of its good
power performance, the fuel efficiency and the
reliability, the modern merchant ship takes generally
it to directly drive the propeller as a main propulsion
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system. Its performance has decided the entire ship’s
power performance and economical performance [1].

Internationally the low speed diesel engine's
brand is mainly MAN B&W and Wartsila. The
MAN’s intellectualized ME series of the low speed
diesel engines, can control the air starting valve,
control the starting, advancing and reversing process,
replace the speed governor, and implement the
optimized control to the low speed auxiliary air
compressor, the feed timing and rule, the exhaust
gate and the spraying rate of the lubricating oil on the
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cylinder wall and so on. They may achieve a lower
oil consumption rate and the performance
optimization in the entire operating mode and can
satisfy the various requirements [2]. For example, the
optimized formation of the injection pressure and
rule, the lower NO, discharge and the smokeless
characteristic, the operating pattern transferred easily
to a low oil consumption or a low NO,, the
mechanism and system’s simplification, the heat load
and balance control in the various cylinders, the
lowest stable speed, the best accelerating, advancing
and reversing characteristic and the emergency stop
performance, the optimized control to the cylinder
wall lubrication, as well as easy adaptation to the
operating characteristic optimization of various ships.
Wartsila Corporation expanded the RT-flex serial
products with the electrically controlled fuel injecting
system of the high-pressured common rail on the
RTA series’ foundation, and on the applying
foundation in the small cylinder diameter RT-flex 50
and RT-flex60C, developed the larger cylinder
diameter RT-flex84T-D and RTflex96C with the
electrically controlled fuel injecting system of the
high-pressured common rail IV.

The marine diesel engine’s power and harmful
emission are enormous. Moreover, the marine diesel
engine burns generally the heavy fuel oil that is
complicated in composition and heavy in harmful
substance. In the same circumstances, it brings about
the more harmful things. In order to prevent, reduce
and control the air pollution caused by the ship
operation, the International Maritime Organization
(IMO) established the emission control rule of the
marine diesel engine’s nitrogen oxide (referred to as
the NO, Technical Code). With the continuous strict
emission regulations, the research on the emission
control technology for the marine diesel engine is
more important. The marine diesel engine is low in
speed, stabile in load, large in power, low in fuel
consumption rate, large in available installation
space, etc. In order to reduce the NO, emission, the
SCR technology and the watered fuel technology can
be used. The marine diesel emission control is related
to regulations, standards, test methods and
equipments, measuring instruments and their
evaluation methods and other aspects. It is a
systematic project.

A major factor impacting the nitrogen oxide’s
(NO,) generation is the combustion process in the
diesel engine’s cylinder. It is related with the
engine’s structure, the working process parameters,
the operating conditions, and the working quality of
the auxiliary equipments and systems. The methods
reducing the nitrogen oxide’s (NOy) emissions are the
pre-processing, the processing inside the engine and
the cleaning outside the engine. The key of the
processing approach inside the engine is to control
effectively the combustion process. Currently the
main way is to develop the direct-injection
combustion chamber with the low emission as to
improve the engine’s thermal efficiency while
meeting the emission standards. In addition, the

methods of the delayed fuel injection, the exhaust gas
recirculation (EGR), the variable control mechanism
and the water injection inside the cylinder can also
reach the emission standards currently specified, but
will decrease the thermal efficiency of the diesel
engine and deteriorate the running economy.

The research at home and abroad indicates there
are basically the two ways to control the NO,
emission. One is to fundamentally improve the
combustion characteristics and reduce the sulfur
content of fuel in order to not produce or to less
produce the above harmful gases. By optimizing the
structure or parameters of the components related
with the fuel combustion, the maximum combustion
temperature and duration is lowered, the Excess air
factor in the high temperature area is reduced, and
thereby the amount of the NO, production is
decreased to reach the emission requirements. The
other is to reduce the degree of the exhaust gas
directly into the atmosphere by post-processing the
diesel exhaust. Through the technology post-
processing the exhaust, the NO, in the exhaust is
decomposed, oxidized or reduced to reach the
purpose lowering the diesel’s NO, emission [3-4].

As a member of the International Maritime
Organization, China will strictly enforce the
provisions of MARPOL Convention, Annex, and
implement the nitrogen oxide (NO,) control for the
ship. China Classification Society constituted “the
nitrogen oxide’s emission testing and examination
guide for the marine diesel engine” in accordance
with the provisions of the Convention to direct the
engine-making yard and the testing organization for
the effective emission testing.

2. Electronically Controlled Fuel
Injection System

Because the high-power low-speed diesel engine
is excellent in performance, good in reliability, easy
in maintenance, and can be fueled with the low-grade
fuel, etc., it has become the main power for the large-
size oil tanker, the large-size bulk carrier, the large-
size container ship. The main brands of the low-speed
diesel engines are internationally MAN B&W and
Wartsila. All are the two-stroke low-speed diesel
engines with the single valve’s direct-current
scavenging, the constant pressure supercharging, the
long stroke, the high compression ratio, and the
crosshead type structure close to isobaric combustion.
The mean effective pressures of variety bore diesel
engines (Ppe) are 1.9 ~ 2.0 MPa. The maximum
combustion pressures (Pnax) are 15 ~ 16 MPa. The
fuel consumption rates are 170 g / (kWh) or so. The
new low-speed diesel engines in the structure have
the non-cooled fuel injector, the variable injection
timing pump, the long-size rod, the hydraulically-
driven exhaust valve, the single valve’s direct-current
scavenging, the constant pressure supercharging, and
the effective turbosupercharger. In terms of the
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performance, the average effective pressure and the
average piston speed is increased, the structural
components are improved to increase their strength,
the original level of the low fuel consumption is
maintained, and the single-cylinder power and the
service life is improved significantly. The
electrohydraulic  control system replaces the
traditional mechanism driven by the mechanical cam
to simplify the engine’s design, reduce the cost, and
optimize the operating control.

The current low-speed diesel engine’s
development is to increase the reliability, to extend
the overhaul period, to improve the compactness of
the engine, to reduce the fuel consumption rate and to
control the emission. Especially in the increasingly
strict emission requirements, as well as the better
required economy under the low and high conditions,
the intelligent diesel engine with the electronically
controlled fuel injection system and the electronically
controlled exhaust valves without the camshaft is
developed and improved continuously. For example,
MAN B&W increased the electronically controlled
ME/ME-C series and productions on the basis of the
MC/MC-C series. Wartsila extended the RTA series
with the electronically controlled high-pressure
common rail on the basis of the RT-flex series, and
the RT-flex84T-D and RTflex96C low-speed engines
with the large bore and the high-pressure common-
rail type 4 were developed on the basis of the
RT-flex 50 and RT-flex60C with the smaller bore.

The high-power low-speed diesel engine uses the
scheme of the electrically controlled fuel injecting
system with the high-pressured common rail, as
shown in Fig. 1. The two-cylinder common rail made
the high-power low-speed diesel engine small in
structure against the engine with the high-pressured
oil track. The high pressure oil circuit controlled by a
high speed magnetic valve can avoid the low
operational reliability which governing directly a fuel
injector needle brings. The electrically controlled fuel
injecting system with the high-pressured common
rail, as shown in Fig. 1, has the good injection
characteristics, can achieve the pre-injection, adjust
the injection rate’s shape, achieve the desired fuel
injection law, optimize the combustion process,
improve significantly the diesel engine’s fuel
consumption, smoke, noise, emission and other
performance indicators, and help to improve the
engine’s torque characteristics.

It can achieve the high-pressure injection. The
injection pressure is twice more than the general in-
line pump system. The closed-loop control of the
common rail’s pressure is implemented with the
common rail pressure sensor and the control
algorithm. The optimum injection pressure is
determined for the different load and speed. That is
highly advantageous to improve the low-speed and
the low-load performance of the diesel engine. The
injection timing and the injection volume can be
controlled accurately. Implementing the ideal fuel
injection law of “the pre-injection, the low initial
injection rate, the high main injection rate, the fast
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stop speed of the post-injection” favors to reduce the
NO, emissions from the diesel engine.

1 Throttle Valve

2 Unilateral Valve
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12 Unilateral Valve

13 Throttle Valve

Fig. 1. The electrically controlled fuel injecting system
with the high-pressured common rail.

3. Optimization of Diesel Engine’s
Combustion Process

In the low speed diesel engine design, the
combustion process optimization mainly solves the
carbon smoke and the NO, emission. Regarding the
high-power marine diesel engine’s emission, what
most mainly must be solved is the carbon smoke
discharge in the slow-speed and the low operating
mode. Firstly, in the entire operating mode, the black
smoke that the naked eyes can see should not be
produced including the starting mode. The emission
value of the marine diesel engine is easy to be
satisfied according to the IMO’s NOj stipulation. Fig.
2 is a group of curves. They are obtained on the
experimental contrast in the Wartsila46 medium-
speed engine. As can be seen from the figure, when
the electrically controlled fuel injecting system with
the high-pressured common rail is used, in the entire
operating condition, the smoke is below FSNO.15.
That is, the smoke color does not be seen, and is
below the guarantee FSNO0.4. But with the
conventional oil supply system, for the entire
operating mode the smoke surpasses the guarantee
value in the load below 45 %. But the biggest value is
FSNO0.9, also not too high. If the supplement air
measure is taken in the low operating mode, the FSN
value also possibly is below the guarantee value. If
the requested NO, is below 70 % of the IMO
standard value, the FSN value has surpassed the
guarantee value in the load below 60 %.

The high-power low-speed diesel engine uses the
scheme of the electrically controlled fuel injecting
system with the high-pressured common rail. The
two-cylinder common rail made the high-power low-
speed diesel engine small in structure against the
engine with the high-pressured oil track. The high
pressure oil circuit controlled by a high speed
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magnetic valve can avoid the low operational
reliability which governing directly a fuel injector
needle brings.
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Fig. 2. The influence of the electrically controlled high-
pressured common rail to the smoke intensity.

In the electrically controlled fuel injecting system
with the high-pressured common rail, the high-
pressured oil feed pump provides the pressured oil to
the common rail, but the injection discharge and
injection timing is controlled by the high speed
magnetic valve in the fuel injector. The electronic
control unit (ECU) of the fuel injection system acts
according to the operator’s order and the operating
condition of the diesel engine, and controls the
injection start point and the injection end point as
well as the injection times by controlling the fuel
pressure and the magnetic valve’s operating time in
the common rail. Thus it can be seen, the electrically
controlled fuel injecting system with the high-
pressured common rail may control independently
the system injection pressure, the injection timing,
the injection discharge and the injection rule. In
comparison with the mechanical type fuel injection
system, its superiority lies in: realizing the high-
pressure injection; guaranteeing the accurate injection
timing; implementing the optimized control of the
fuel injection rate; setting the parameter freely and
flexibly; optimizing the combustion process.

3.1. Realizing the High-pressure Injection

One of the most remarkable characteristics for the
fuel injecting system with the high-pressured
common rail is to realize the high-pressure injection.
The high injection pressure may guarantee the good
fuel atomization, thus can reduce the PM, CO, and
HC emission. The injection pressure of the
mechanical type fuel injection system is adjusted
through the speed and the injection discharge.
Because the mechanical type cannot guarantee the
high-pressure injection, it causes easily the bad
atomization, thus makes the PM, CO, and HC
emission to increase. For example the diesel engine

produces easily two times of injection under the high
speed and the high load. The fuel oil in the two times
of injection comes into the cylinder by the very low
pressure, and causes the fume discharge to increase.

3.2. Guaranteeing the Accurate Injection
Timing

To a great extent the injection timing is to affect
the pollutant emission. Postponing the injection can
cause the NOx emission to reduce, but possibly
causes the CO and PM emission to increase. The
injection timing also is very sensitive to the HC
emission, and has the best value. The injection timing
above or below the best value will possibly increase
the HC emission. Therefore, choosing an accurate
value of the injection timing is very important. It may
enable the emission to achieve a best compromised
value. However, the mechanical type fuel injection
system adjusts the injection timing by the injection
pump and the timing advance unit. Its setting range
and the precision has been restricted. In the fuel
injecting system with the high-pressured common
rail, the injection timing is controlled by the ECU and
the fuel injector. According to the electronic control
signal from the ECU, the fuel injector takes the high-
pressured fuel oil in the common rail to inject into the
engine’s combustion chamber by the best injection
timing, the injection discharge, the injection rate and
the atomization condition.

3.3. Implementing the Optimized Control
of the Fuel Injection Rate

In the fuel injecting system with the high-
pressured common rail, the injection start point and
the duration time are decided by the command pulse,
and they have nothing to do with the speed and the
load. Therefore the injection time may be controlled
freely. In addition the injection pressure may be
controlled flexibly. So the ideal premix combustion
can be formed. The pre-injecting start point, the main
injecting start point and the injecting end point may
be adjusted freely. The pressure in the pre-injecting
section may be selected freely. The pressure rise rate
after the main injecting start is suitable. The oil can
be broken fast. The peak pressure of the injection
may be chosen flexibly. The full combustion of the
fuel oil may reduce the CO, HC, and PM emission.
But the delay period reduced as far as possibly can
lower the NO, emission.

3.4. Setting the Parameter Freely
and Flexibly

In the fuel injecting system with the high-
pressured common rail, the Injection nozzle
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parameter and the other various parameters may be
set freely. Each parameter may satisfy the
corresponding request independently. The aspect in
satisfying the request is not restrained, the flexibility
is good. These are the essential conditions to atomize
the fuel oil good and reduce the emission.

Matching reasonably the high-pressure fuel
injection system and controlling the parameters of the
fuel injection pressure and the injection time, are
important to improve the internal combustion
process, optimize the diesel engine’s power,
efficiency and emission.

3.5. Optimization of Combustion Process

The difficulty of the diesel’s emission control lies
in the mutual checks of the NO,’s formation and the
carbon black’s formation. The emissions of the NOy
and the carbon black are mainly related with the
combustion process in the diesel engine’s combustion
chamber. So reducing the diesel’s emissions is
carried out from improving the combustion process.
In order to achieve the desired heat release curve and
reach the desired purpose of reducing the emissions,
the premixed combustion quantity is suppressed in
the pre-mixed combustion phase to reduce the initial
combustion temperature and the NO, emissions. In
the diffusion combustion period, the good mixing and
the high combustion temperature is maintained to
promote the diffusion combustion and to reduce the
carbon black’s emissions. That requires the good mix
and match for the diesel fuel injection system, the
combustion chamber shape, and the air movement.
Improving the fuel injection system is the most
important. From the fuel injection law to consider, it
is important to reasonably allocate the fuel injection
quantity in the various sections. Specifically, to
reduce the amount of the pre-injection leads to reduce
the NO, emissions, and to strengthen the mixture of
the main injection leads to reduce the carbon black’s
emissions. These put forward the higher requirements
to the performance of the fuel injection system. Thus
enabling the ideal fuel injection process is one of the
keys to improve the diesel combustion process,
improve the economy and reduce the harmful
emissions.

The fuel injection system has a direct and decisive
impact to the diesel engine’s combustion and
emissions. With the development for the diesel
engine technology of the electronically controlled
injection, the injection strategy has been an important
breakthrough to reduce the NO, and carbon black’s
emissions. By studying the different control
strategies, comparing and analyzing the influence
rules of the different main injection timing, the
different pre-injection quantity and the different
interval between the main injection and the pre-
injection to the emission performance of the diesel
engine, the best match on the different conditions can
be obtained.
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In order to study the influence laws of the
different injection to the diesel engine’s combustion
process and emissions, the testing system of the
diesel engine’s emission performance is established,
as shown in Fig. 3. Through the experimental
research, the best injection law of the diesel engine is
revealed under the different conditions to provide the
technical support for the diesel engine’s design and
operation management.
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Fig. 3. The testing system of the diesel engine’s emission
performance.
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Fig. 4. The emission regulation of the marine diesel engine.

In the aspect of the control of the exhaust
pollutants, the more strict emission regulation IMO
Tier3 will be imposed in 2016, as shown in Fig. 4.
Using the technology of the purification inside the
engine about improving the combustion (such as the
high-pressure injection, the injection duration
shortening, the electronically controlled injection
system with the common rail, the direct water
injection and the exhaust recirculation system) and
the exhaust’s after-treatment technology is to meet
the increasingly stringent emission standards. Using
the high-pressure common-rail fuel injection
technology to controlling the injection timing and the
fuel injection quantity is the trend on the diesel
engine’s technology. This paper presents the scheme
of the fuel injection system with the high-pressure
common rail for the low-speed diesel engine, and the
test system for the diesel engine’s emission
performance is established. Through the experimental



Sensors & Transducers, Vol. 25, Special Issue, December 2013, pp. 30-35

research, the optimization and matching technology
for the diesel combustion process based on the
emission control is analyzed, and the best injection
law of the diesel engine is revealed under the
different conditions. That will provide the technical
support for the design and operating management of
the diesel engine.

4. Humid Air Motor

In order to adapt to the more stricter request
compared to the existing IMO’s emission laws and
regulations, as well as the local codes and regulations
like Sweden and Norway, besides using the
electrically controlled fuel injecting system, in the
low-speed engine the other measures also considered.
For example, MAN B&W uses the EGR method and
the humid air motor (HAM) method. The water-in-oil
emulsion is used in the 5 MAN B&W low-speed two-
stroke diesel engines for the power plant. If water is
sprayed in the air cylinders directly, the more
refitment must be made in the structure, moreover the
massive fresh water must be used. But with the HAM
system, the water is injected into the high
temperature air after the supercharger, and it can also
play the cooling role. If the air temperature after
cooling is 70 °C about, the HAM system may replace
completely the intercooler.

With the HAM system, the diesel engine itself
does not need to refit, moreover may use the sea
water. Therefore it is a good choice. The HAM
system was once experimented on the 4TSOME-X
testing engine. The NOx discharge drops by 25 % ~
50 %, the oil consumption rate increases by
1.0 % ~ 1.5 %, the CO discharge increases some, the
PM and HC discharge changes a little. Using the
EGR in the two-stroke diesel engine may realize the
cylinder’s EGR through adjusting the exhaust timing.
Moreover, MAN B&W uses the high-pressured EGR
system, namely an air compressor presses the exhaust
gas into a sea water bathing pool to purify and cool
the exhaust gas. The experiment proved that the NOx
discharge may drop by 30 % ~ 50 %. The EGR and
the HAM system further experimented in 2004 on the
solid ship. Wartsila has also done the corresponding
experimental study. The method combining the direct
water injection (DWI) in the cylinder with the EGR

in the cylinder is called WaCoReG (Water Cooled
Residual Gas). Testing in the 4RT-flex58T-B using
the above method, may make the NOx discharge
lower than 50% of the limitation value by the IMO
laws and regulations. In order to further improve the
cylinder wall lubrication, lengthen the time between
overhauls (TBO) and cut the lubricating oil
consumption rate, Wartsila uses the anti-polishing
rings in the two-stroke low-speed engine.

5. Conclusion

Matching and optimizing the low-speed diesel
engine’s combustion process has decided the
engine’s power, efficiency and emission. But the
combustion process’s optimization and match has
more to do with the fuel injection rule, the intake
swirl control, the Valve timing adjusting, the
combustion chamber structure, and the operating
condition. This article proposed the -electrically
controlled fuel injecting system with the high-
pressured common rail as well as the humid air motor
method and the system plan. They can improve the
low-speed diesel engine’s combustion process, thus
enhance the diesel engine’s performance, and reduce
the pollutant discharge.

References

[1]. Zhang Xue-Wen, Man Chang-Zhong, Tang Yun-
Bang, Zhao Yin-Ce, Overseas Development of
Electronic Controlled Common Rail Fuel Injection
System for Low Speed Marine Diesel Engines,
Internal Combustion Engines, No. 5, 2010, pp. 1-2.

[2]. Zeng Hong, Zhang Jun-Dong, Lin Ye-Jin, Gan Hui-
Bing, Performance Prediction of Marine Low-speed
Diesel Engine under Variable Operating Condition,
Navigation of China, Vol. 32, 2009, pp. 32-35.

[3]. Zhang Xue-Gang, Study on the Effects of the
Injection Strategy on the Combustion and Emission
of a Diesel with Electrical Control System, M. S.
thesis, Dalian Univ. of Technology, Dalian, China,
2010.

[4]. Liu Qin-An, Numerical Simulation and Optimization
of Working Process for Large-Scale Low-Speed
Two-Stroke Marine Diesel Engine, M. S. Thesis,
Dalian Maritime Univ., Dalian, China, 2009.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.

(http://www.sensorsportal.com)

35




<<
  /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


