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OPTIMIZATION OF PARAMETERS ON THE VALVE
PLATE FROM AXIAL PISTON PUMPS AND THEIR
EFFECT ON THE PRESSURE PULSATION AND NOISE
LEVEL

Petrovié R. 1, Savié S.Z, Todié N.?
SUMMARY

Modern design of the axial piston pump/motor, based on computer aided design,
requires description of all processes and parameters in the pump/motor. The
hydrodynamic and dynamic processes in the axial piston pump (cylinder, intake and discharge
chambers, discharge valve, and high pressure pipe line) are very complex, so they demand
a thorough physical and mathematical analysis. Compression losses, which are caused by
sudden pressure changes in the cylinders of cylinder block, result in energy loss and increased
noise. The compression losses can be decreased by identification of optimal dimensions
and shapes of the port at the valve plate.

Key words: Piston pump, geometrical flow section, radial clearance, diameter of cylinder,
numbers of cylinders, dynamic viscosity, modulus of elasticity, flow

INTRODUCTION

A review of the axial piston pump with constant pressure variable displacement. These pumps
have found wide application in complex hydraulic system in the field of aviation [1]. Demands
placed stations in aviation are numerous but the most significant reliability in operation,
exceptional efficiency in the supply of highly complex branch system and economical
operation and request that the maximum energy saving.

Contents of the the paper, in an attempt to provide further improve the performance of the
devices from the structure of the hydro system of the aircraft. In particular, these activities are
related to the components that generate certain kinds of power , namely, first of all, pumps and
motors [2,3].

Besides causing of the compression losses, changes of the pressure inside the cylinder at short
intervals are causing hydraulic impacts in the fluid that spread through the housing and cause
the noise. There is a tendency of development of new pumps with constant increase of the
operating pressure, which results in increase of the efficiency coefficient while increasing the
noise. It is interesting to study what possibilities exist to reduce the noise while the pressure

! Prof.dr. Radovan Petrovié,Fakultet za strateski i operativni menadzment, Univerzitet Union Nikola
Tesla,Staro sajmiste 27,11000 Beograd, e-mail:radovan.petrovic@fpsp.edu.rs

? Prof. dr Slobodan Savi¢, Nenad Todié, dipl.ing., Fakultet inZenjerskih nauka Univerziteta u Kragujevac,
Sestre Janji¢ 6, 34000 Kragujevac, e-mail: ssavic@kg.ac.rs,ntodic@gmail.com
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rises at the same time. One way is selection of optimal angles of suction and suppression
openings on valve plate to obtain certain angles — compression angle and expansion angle.

MATHEMATICAL MODELING

Axial piston pumps with constant pressure and variable flow have extraordinary possibilities
for controlling the flow by change of pressure [4,5,6]. Owing to pressure feedback, volumetric
control of the pump provides a wide application of these pumps in complex hydraulic systems,
particularly in aeronautics and space engineering. Some dynamic processes developing in
control cycle have been analyzed by mathematical model and a large number of process
simulations have been done by means of programming language Matlab. On that occasion
some diagrams have been made which have been a basis for analysis of time-constants of
transient and it has been concluded that the characteristics comply with the requirements
defined by the aeronautics standards.

Figure la. shows a schematic view of an axial piston pump with swash plate and with shown
angles on valve plate a;, and «a, .

The following equation satisfies the compression and expansion of the fluid:

av 14
@ M

where:
E — compressibility module

V — volume of the working fluid in the cylinder.
GMT
™ «
Swash plate Valve plate |
Discharge | o
opening |

YAy —
=

Piston

Suction
DMT opening

Fig. 1.a) axial piston pump with swash plate, b) detail of valve port plate

The volume of the working fluid in the cylinder of the cylinder block can be expressed by the
equations:

V =V, + RAtg fax — RAtgL cosa 2)
where: R=D/2- radius of divider circle of the cylinder block
A - surface of the piston

The cycle of compression and expansion of the fluid in cylinders is shown in the diagram,
points ABCD. At point B the pressure of the fluid in the cylinder rises rapidly and reaches a
discharge value, while at point D the pressure begins to decrease rapidly and reaches a filling
value. The shock waves that cause noise occur because of these rapid pressure changes. In the
case of right choice of compression angle, fluid in the cylinder is compressed and then
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Fig.2. The cycle of compression and expansion of the fluid
in cylinders

Vemr Vowmr

on compression losses to a certain extent. Compression losses in the lower dead point (DMT)

are shown with surface of the triangle BCF, while losses in the upper dead point (GMT) are
shown with surface of the triangle ADE [7].

Using the equations (1) and (2), we get
AEﬂ =YemrVa, o — 1 4 @,
where:

Veumr - The volume of the fluid in the upper dead point.
Ap, - The optimum pressure difference at the lower dead point.

V, - The volume of the working fluid in the cylinder when it is turned for the angle a.
This equation can also be written in another form

VemT

(€)

UVECAJ Apy = 5
ERA (1—-cos ag) T
V+RAtE Bmax+tRAtE B A
“
If the requirement that A
Ap = Apy is fulfilled,
then the losses do not A
occur in the upper dead S
point for the expansion A
angle oC,.
Analogously to equation
(4), the equation (5) is
obtained:
Apy = v
ERA (1-cos ag) Vour . ; (a=m)
Vo+RAE Bmax+RAE B - S
®)

The compression losses

=

I

UMANJI
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Fig.3.Diagram Ap = Appin
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in the upper dead point for the pressure difference Ap will be:
1 14 1
Wemr =5 (8p — Apy)? - =25 = — (8p — Ap)? - (Vo + RAtE Brax + RAtEB) (©)

We can write the equation of the compression losses in the lower dead point:

1
Wour = 5= (8p = Apg)? - (Vo + RAtE finax — RAtEB) @)
In case a, = a;, = 0, losses can be expressed as:
A 2

W = Weur + Wpur = % (VoRAtg Brnax) (®)
The relative compression loss in percentage can be expressed by equation:

) _ AW 0 — i L
AW [%] = 72=100% = 5 Ap (1+ e ﬁmax) 9)
where:

Pygcp - surface defined in Figure 2.
If the pressure difference Ap is below Apmin, where Apmin=Apb-ps, and ps is supply pressure,
the under-pressure must not occur in cylinder .

The expansion losses in the lower dead point can be expressed by the following equation:

1

E DMT

1 1
AWpmr = Ppors = 25 (Ap, — AP)Z *Vomr — BT (App — Ap — ps) * Vpur = 2

ps(24p, — 2Ap — ps) (10
Diagram of the losses depending of the compression and expansion angles can be obtained by

these equations. The pressure differences Ap, and Ap, are calculated first, and then Wgyr
and WDMT'

EXPERIMENTAL RESULTS

Technical data of axial piston pump with variable flow which has the swash plate with these
properties:

D = 43 - 1073 m - diameter of divider circle of the cylinder block

Vo = 0,581 - 10~% m3 — minimum volume of fluid in the cylinder

B = 19°, -angle of swash plate

A =0,785-10"* m? - surface of the piston

E =1,542-10% MPa - compressibility module of fluid AMGI10 at temperature t=60° and
pressure p=20MPa.

Figure 5 shows a diagram of changes of some losses depending on the change in fluid pressure
in the pressure pipe. Compression losses and losses due to the leakage are linearly increasing
with the increase of the pressure. On the other hand, the mechanical losses are firstly reduced
to a certain limit and then are increasing with increase of the pressure [8,9,10].

Compression losses depend largely on the following values:

¢ Compressibility module of the working fluid
¢ The pressure difference
¢ The minimum volume of the cylinder
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g‘ p \/
@ 9
)
3 g
P S g
Ap'"“ U N ¥ Mechanical losses
Q.é;_ 6
Bp. Q RYY 5
Apo = 4
Apric |
3 Volumetric losses
Ap 2

o

I

=
-

Compression losses

e T 3 6 9 12 15 18 21
Ap [MPa]
Fig.4. Diagram for Ap < Appin Fig.5. Diagram of some losses of

axial piston pump

Minimum volume and compressibility module are taken as a constant, although the
compressibility module depends on the temperature and pressure. It is noted that at constant
values of the angle of swash plate inclination B and the pressure difference Ap, compression
losses can be reduced to minimum by proper choice of angles «;, and «,. The problem is that
inclination angle B and pressure difference Ap are constantly changing during the operation of
the pump, so the optimum pre-compression and pre-expansion are not done at certain angles
o, and oC,.

Diagrams AWDMT and AWGMT

for one cylinder and one AWour
revolution depending on the [Nm] !
angles o« i «, are shown in
Figures 6 and 7, as a result of
these calculations. It should be
noted that any change in the
inclination angle of the swash
plate affects the change of losses
AWDMT and AWGMT. By doing
the analysis it can be determined
that the compression loss in GMT
is much smaller than in the DMT
at higher values of the angle «,.
The optimal compression angle
o, for a specified working range
can be chosen from the diagram

0° 6° 12° 18° 24° 30° a«

Fig.6.Diagrams of compression losses in DMT for one
cylinder and one revolution
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shown in Figure 6.

For example, if it is assumed that the angle f=19° and the pressure difference is 0<p<21MPa,
then o (opt) =14. For the angle o, =14° compression loss per cylinder and revolution is
maximum 0.13Nm, if the pressure difference Ap varies from 0 to 21 MPa. However, if the
another angle B is chosen or another range of the pressure difference Ap, then, from the
diagram, we can find the optimal value of the compression angle «,. Table I shows the
compression losses for various values of the inclination angle p and compression angle ;. By
analyzing the mean values of losses it can be concluded that for certain angles of inclination
the compression angle & has an optimum value which is 14°.

Tab. 1.the compression losses for various values of the inclination angle f and
compression angle

p X 10° 11° 12° 13° 14° 15° 16° 17°
19° 0,29 0,24 0,20 0,15 0,13 0,19 0,22 0,29

15° 0,31 0,27 0,22 0,20 0,14 0,12 0,14 0,22

10° 0,31 0,29 0,27 0,24 0,20 0,18 0,19 0,21

5° 0,33 0,33 0,31 0,29 0,28 0,27 0,25 0,22
Average value 0,31 0,28 0,25 0,22 0,18 0,19 0,20 0,23

Figure 7 shows a diagram of losses depending on expansion angle «,, at particular inclination
angle B, supply pressure ps and minimum volume of the cylinder Vo. It can be seen from the
diagram that for large enough expansion angle «, the losses AWgmt can be neglected. The
optimum angle of expansion «, for above mentioned data is in the range from 12 to 16°. This
paper also considers the noise problems and the tests were performed on the same pump where
the compression losses were measured. Noise level was measured using a device for measuring
the noise with C filter. The microphone was attached to the stand at a distance of 5cm from the
frontal area of the valve plate. This place was chosen because the loudest noise occurs in the
area of the valve plate, and to rule out the effect of noise from other devices.

AWeur . '\[Igli;]e ‘
[Nm] 110
1
0.8 105
06

100

95
0° 6° 12 18° 24° 30° . 5
85 : -
03 6 9121518 21 Ap [MPa]
Fig.7.Diagrams of compression losses one Fig.8.Results of measurements of noise
cylinder and one revolution depending on in GMT for the pressure

n=1980 min™, p=19°,= 0
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Figure 8 shows results of measurements of noise depending on the pressure of the fluid in the
pressure pipe. In this case, the expansion angle is «<,= 0, rotation frequency n=1500 min-1,
inclination angle of the swash plate is f=19°, while the compression angle was changed and
had values ;= 0, X;,= 14, ;3= 20. It can be concluded that at the lowest pressure and the
highest compression angle o= 20° noise is greater than with the first pump, in which
compression angle was o¢,= 0°. If the compression angle is «;, = 14°, reduction of noise will
occur at the pressure of 6MPa.

Noise . Noise

[dB] [dB]
110 110
105 105

100 166 < /
®;

95

90

5 | | =
03 6 9121518 21 Ap[MPa]

5
036 912151821 Ap [MPa]

Fig.9. Results of measurements of noise Fig. 10. results of measurements of noise
depending on the pressure n=1980 min™, depending on the pressure n=1500 min,
p=19°,=0 p=19°

Figure 9 shows results of noise measurements under the same conditions as in the previous
case, with the exception in compression and expansion angles «; and o,. The compression
angle was o= 0°, and the expansion angle was changed and had values & ;= 0,%,,=
12, 3= 14°. By analyzing a diagram it can be concluded that for these test conditions the
optimal expansion angle is X,= 12°.

Figures 10,11 and 12 show the results of noise measurements depending on the pressure for
different rotation frequencies nl=1500min-1,n2=1980min-1,n3=3000min-1 and for the
different expansion angles o¢,; = 0°, &= 0°, Koy = 12°, (= 14°, X 3= 14°, (3= 14°.
Since the optimal value of the expansion angle «,= 12° is near the optimal value of the
compression angle o, = 14° the case when «,=o, = 14° is considered.Symmetry of openings
of the pump distribution is present in this case, so the pump can be the two-way with the same
valve plate, which reduces the production cost with a slight increase in noise.
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CONCLUSION

The basic fact that producers and users of axial piston pumps must accept is that every increase
in the operating pressure leads to the increase in pump noise. The greater influence on the noise
level has the increase of rotation frequency of pump’s drive shaft than the increase of pressure
in the pressure pipe. Since the rotation frequency has a large impact on noise, it is often
reduced in order to neutralize the noise caused by increasing pressure. If the rotation frequency
is reduced, we have to use larger pump that is heavier and more expensive to remain the same
flow. In case of increasing flow two times (which means that the rotation frequency can be
reduced two times), the pump price increases by 30%. In addition, the weight increases by
approximately 50% and the larger space is required for installation due to increase of built-in
measures.

Reducing the rotation frequency in order to reduce the noise has a negative effect also, but if
the pump is assembled in places where noise must be as small as possible, then this solution is
used.

Cavitations that occur as a result of insufficient supplying of the pump can affect the noise
level. Bearings and gears also contribute to the increase of noise. It should also be noted that
the choice of appropriate materials can attenuate certain vibrations that also lead to increase of
the noise. The pump noise can be minimized if all these factors are taken into account.

REFERENCES

[1.] R.Petrovic,1999.Mathematical modeling and identification of multi cylindrical axial piston pump parameters.
PhD Thesis, Faculty of Mechanical Engineering, 1999,Belgrade,Serbia.

[2.] R.Petrovi¢,2009. Mathematical Modeling and Experimental Research of Characteristic Parameters of
Hydrodynamic Processes of an Axial Piston Pump, Strojniski vestnik - Journal of Mechanical Engineering
55(2009)4, UDK 621.785.4.

61



GLAVNI MENI

SADRZAJ

STAMPAJ

SACUVAJ

PRVA STRANA

ZADNJA STRANA

1ZLAZ

UVECAJ

UMANJI

PRETRAZ

Traktori i p/m Optimization of parameters on the valve plate Petrovi¢ R, et al.
Tractors and p/m from axial piston pumps and their effect on... Vol.21.No.5.p.54-62, 2016.

(3]

(4]

(5]

(6]

[9]
[10.]

R.Petrovi¢,J.Pezdirnik,A.Banaszek,2011. Mathematical Modeling and Experimental Research of novel seawater
hydraulic axial piston pump, The Twelfth Scandinavian International Conference on Fluid Power , ISBN=978-
952-15-2521-6(Vol.4),May 18-20, 2011, Tampere, Finland, p.459-469

P.Ivanovi¢, R.Petrovi¢, N.Todi¢, 2008. Experimental research of characteristic parameters of hydrodinamic
processes of axial piston pumps with constant pressure and variable flow,Tractors and power machines, ISSN
0354-9496, 2008,Novi Sad, Serbia, Vol. 13, No. 1, p. 52 - 59

R.Petrovié, M.Gasi¢, M.Zivkovi¢,2011.Influence of Compressibility of Working Fluid on Hydrodynamic
Processes in the Axial Piston Pump, 21st International Conference on Hydraulics and Pneumatics, ICHP 2011,
ISBN=978-80-248-2430-7, June 1st — 3rd 2011, Ostrava, Czech Republic, p.145-151.

R.Petrovi¢, J.Pezdirnik, A.Banaszek,2011. Influence of Compressibility of Working Fluid on Hydrodynamic
Processes in The Axial Piston Pump With Combined Distribution/Flow of Working Fluid, Proceedings of the
2011 International Conference on Fluid Power and Mechatronics, IEEE Catalog Number: CFP1199K-CDR
ISBN: 978-1-4244-8449-2,17 — 20 August 2011 Beijing, China, p.335-339.

R.Petrovié, M.Zivkovi¢ M.Gasi¢, 2011.Mathematical Modeling, Experimental Research and Optimization of
Characteristic Parameters of the Valve Plate of the Axial Piston Pump/Motor, ISBN=4- 931070-08-6, 8th JFPS
International Symposium on Fluid Power October 25-28,2011, Okinawa, Japan, p.175-181,

R.Petrovic, M. Andjelkovic, M.Radosavljevic, N.Todic,2014. Experimental Research and Optimization of
Characteristic Parameters of the Valve Plate of the Axial Piston Pump/Motor, ISBN: 978-80-01-05542-7,
International Conference of Machine Design Departments (ICMD2014), September 9 — 12, 2014, Beroun,
Czech Republic, p.161-170.

Haarhaus,M., Haas, H.J. 1985. Untersuchung neuer Wege zur Gerduschminderung bei Axialkolbenpumpen,
Olhydraulik und Pneumatik 29 , Nr.2 und 3,1985,Germany.

Bergeman,M. 1994.Systematische Untersuchung des Gerduschverhaltens von Kolbenpumpen with ungerader
Kolbenanzahl, Verlag Mainz, Wissenschaftsverlag, 1994, Aache

Rad primljen: 18.10.2016. Rad prihvaéen: 21.11.2016.

62




<<
  /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 1.3
  /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 [983.622 680.315]
>> setpagedevice


	Button2: 


