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SUMMARY

In this paper the possibility of phase trajectory use in detecting of axial piston pump damage was presented. The
wear of main part of pump elements such as: rotor and swash plate have been studied. The Phase trajectories
were estimated from vibration signal measured on pumps body in third directions. In order to get quantitative spe-
cification of analyzed trajectory At,; parameter was introduced. At the and the relation between Atpi parameter
and the wear of the pumps parts have been set.
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WYKORZYSTANIE PRZEBIEGU TRAJEKTORII FAZOWEJ DO WYKRYWANIA ZUZYCIA POMPY TEOKOWEJ

W artykule przedstawiono mozliwosé zastosowania metody trajektorii fazowych w procesie oceny stanu zuzycia
pompy wyporowej, na przykladzie wypracowania wybranych elementow skiadowych pompy: tarczy wychylnej i ze-
spolu wirnika. Wykorzystano do tego celu przebiegi trajektorii fazowych, ktore obliczono z pomierzonych na kor-
pusie pompy sygnatow wibracji w przypadku wyposazenia jej w uszkodzone elementy skiadowe. Dokonujqc para-
metryzacji wyliczonych trajektorii otrzymano ich ilosciowe miary w postaci bezwymiarowych wspdlczynnikow At

ktore powiqzano z wypracowaniem zespotu pompy.

Stowa kluczowe: pompa wyporowa, trajektoria fazowa, analiza sygnatu, diagnostyka maszyn

1. INTRODUTION

In hydraulic drive systems the positive-displacement pumps
are one of the important elements. Proper work of these ele-
ments causes proper work of whole hydraulic system. The
wear of pump elements causes pump’s pressure lost and in-
crease of volumetric losses, which leads to decreasing
delivery of the pump and increasing in vibration and noise of
its work. The wear of pump elements is mainly caused by
forces between their kinetic pairs (e.g. piston-cylinder, valve
plate — rotor, piston shoe — swash plate) which interacts. The
next reason of pump’s elements wear are improper operating
conditions (Murrenhoff and Scharft 2006) such as:

— exceeds of operating pressure level,
— low oil viscosity,
— insufficient oil filtration.

The most common type of wear elements in axial piston
pump is their abrasive wear. Elaboration of that type
appears in all components of the pump, between which
there is relative and contact motion. In this article the use of
phase trajectory method as an effective tool in assessing
wear of positive displacement pump is considered. Abra-
sive wear of rotor and swash plate is an example of pumps
wear described in this paper.

2. DESCRIPTION OF THE TESTED OBJECT

Multi-piston axial positive-displacement pump of constant
efficiency was a subject of the examinations. Operation of

such pump (Fig. 1) is based on distribution of the fluid flow
to and from rotor (2) cylinders via stable valve plate (6),
which is perpendicular to axis of rotation of the pump cylin-
der. During rotational movement, rotor face co-operates
with valve plate (6), sliding along its surface. Two kidney-
shaped holes are drilled in valve plate (6). Suction hole is
separated from compression hole with transition zone, so
called bridge.
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Fig. 1. General scheme of axial multi-piston pump: 1 — shaft,
2 —rotor, 3 — piston, 4 — piston shoe, 5 — swash plate,
6 — valve plate, 7 — bearing (Stryczek 1995)

In axial piston pump the rotor unit is usually their most
important item directly decisive of pump outlet flow gene-
ration. Existing construction of pumps are differ in rotor
unit way location and its drive. The main rotor unit of pump
used in tests was composed of seven pistons which were
located in rotor cylinders. The whole rotor unit is supported
by the roller bearing (Fig. 2). The abrasive wear of rotor is
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mainly due to the forces that occur on surfaces in piston-
cylinder kinematic pairs. Piston load is sum of radial forces
of swash plate — piston shoe reaction and inertia force of
rotor unit which rotates with required speed. Excessive load
of rotor leads to abrasive wear on its components and radial
clearance enlargement in piston-cylinder kinematic pairs.
This increase in volumetric losses and decrease in pumps
overall efficiency.
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Fig. 2. View of pump’s rotor unit

The task of swash plate (which cooperate with the rotor)
is ensuring the appropriate setting of the pump performance
by changing the angle between axis plate and driving shaft.

Change in swash plate angle has effect on the length of
the piston stroke in rotor’s cylinder and thus has an impact
on volume flow in pump working cycle.

Physically the swash plate works with surfaces of pistons
shoes which slides on its surface. Cooperation of these ele-
ments is burden with friction losses on their surfaces. Mini-
mizing these losses, (thus increasing the mechanical effi-
ciency of the pump) provides hydrostatic support between
swash plate and pistons shoes surfaces.

In the case of that support disappears following pro-
gressive wear on surface plate and pistons shoes appears.
Finally it lids to complete degradation of kinematic pair

(Fig. 3).

0.2

In laboratory research conducted by the author wear of
examined pumps elements concern to:

— 10 pm radial clearance enlargement in piston-cylinder
kinematic pairs,

— rotor bearing race abrasive wear,

— elliptical deepening of swash plate surface.

Measurements of pump wear elements have been done
by optical surface measure method (Kowal and Sioma
2009). Measured values of elliptic deep on swash plate sur-
face in seven directions (Fig. 4) ranged from 0.1 mm per
direction 1 to 0.5 mm at the direction 7 (Fig. 5).

Fig. 3. The view of swash plate surface condition:
a) for functional plate — without wear; b) for out of order
surface plate

5
Fig. 4. Adopted guidelines for measuring the deepening
on swash plate surface
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Fig 5. Comparison of swash plate wear depth for selected measuring guidelines
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3. TESTING STAND AND MEASUREMENT
DESCRIPTION

Scheme of the laboratory stand used for testing is shown in
Figure 6. The stand comprise: pump P with worn elements,
set of hydraulic elements (servo-valve, throttle valve, cut-
off valve and set of filters) with transducers of tested values
of: flow rate, static and dynamic pressure, and transducers
used for measurement of acceleration pumps body vibra-
tion.

SV
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Fig. 6. Hydraulic scheme of experimental stand:

P — pump with worn rotor and swash plate, SV — servo-valve,
Zb — maximal valve, Zd — throttle valve, Zo — cut-off valve,
Ft — pressure filter, Fs — low-pressure filter, Fw — inlet filter,

M — manometer, n — tachometer, Q — flow-meter

Examinations of the influence of worn elements on the
positive-displacement pump operation were conducted via
changing worn swash plate and rotor unit in the pump body.
Additionally for comparative purposes, examinations of
new pump with not worn elements have been executed.
Measurements of physical values (vibration, flow, static

and dynamic pressure) have been executed in the pump
operation in following conditions:
— no pressure at the pump outlet,
— loading of the pump outlet with static pressure of 70 bar,
— loading with dynamic, periodically variable pressure.

Measurements of the pump body acceleration were executed
for three measurement axes (X, Y, Z). After previous mount-
ing of vibration transducers on the pump body, near rotor
unit 16-bit measurement cards, co-operating with condition-
ing system and programmed by Signal Express in LabView
program, have been applied in measurements of physical
quantities. Measured courses were stored on computer disc,
and then they were tested by numerical analysis with use of
Matlab-Simulink program. General view of the pump with
mounted vibration transducers is shown below (Fig. 7).

4. APLICATION OF PHASE
TRAJECTORIES METHOD

Classical methods of vibroacoustics machinery diagno-
stic (Cempel 1992; Zétowski and Cempel 2004) are based
on time or time-frequency signal analysis. In order to proper
interpret such results, same experience in signal processing
is required. This is particularly important for analyzing
results of vibroacoustics processes from machinery and
equipment with high complexity, where movements of ma-
chinery components overlaps. In addition, often correct
interpretation received from time or time — frequency distri-
butions is difficult to interpret by parasitical components
(disturbances), occurring from items (machines) not related
to the examined object (Zielinski 2009).

Example of obtained power spectral density PSD (Lyons
2006) representations of measured acceleration vibration
signals for pomp without damage and with wear elements
(measured for each axis separately) have been shown
below.

As we can see from Figures 8 to 10 the result of pump
condition estimated by PSD diagrams is difficult to evaluate
(the way how to estimate obtained PSD runs can be find in
another authors publications (Stojek 2010a, b)).
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Fig. 7. Distribution of measurement transducers on the tested pump body, and example of acceleration
vibration courses for three measurement axes

72



MECHANICS AND CONTROL Vol. 29 No. 2 2010

0.012

0.01+

0.008F

o
o
)
[®)]
T

PSD [(m/s?)2Hz]

0.004r

0.002

BT
_--------"
P

= good pump
==uyyear rotor
===wear swash plate 1
mm=yvear rotor and swash plate

e

8000

10000

f[Hz]

Fig. 8. Power spectral density PSD representation of signals measured on pump body along X axis
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Fig. 9. Power spectral density PSD representation of signals measured on pump body along Y axis
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Fig. 10. Power spectral density PSD representation of signals measured on pump body along Z axis

Searching for methods, which results will allow to faster
and easier interpretation of the pump condition it has been
proposed the phase trajectory runs estimation. The concept
of phase trajectory is related in automatics with the concept

of stability in terms of Lapunov and technical stability for
test object, device or process (Bogusz 1972).

Let’s assume that certain element of the pump is work-
ing on forces which come from other elements or object.
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Motion equation of testing element can be formulated
as:

£=F (% x,1) (1)

where:

acceleration of tested element,
velocity of tested element,
displacement of tested element,
time.

-~ & XX
|

This equation has unique solution determined by initial
conditions. Taking into account environment reaction of
testing element written as disturbance equation ,,R” con-
stantly operated:

¥=F (% x,1)+R(x, x,1) ()

The solution of this equation is carry out by substitution
and reduction of the order of equation which lids to:

x=f(xt)+r(x1) 3)

Taking into consideration that R(x, ) function consider
permissible deviations from steady-state conditions, the
change in initial conditions and predicted external and inner
disturbance which operate on system in random character or
periodic character, dynamic conditions of object thanks to
technical stability conception can be determined (Bogusz
1972).

Proposed approach doesn’t require full identification
of system structure that is strict determination of function
f(x, ©) and we may concentrate only on equation (3) so-
lutions. Effective tool for research solution of system of
differential equations is trajectory analysis in phase space.
From definition of technical stability system arise, that for
initial condition included in ® area of phase space the solu-
tions of system (3) remain in Q area. So system is techni-
cally static (Fig. 11).

Fig. 11. The concept of technical stability: 1 — phase trajectory,
Q — area of permissible deviation of equilibrium state,
o — area of initial conditions, p — initial state of system
after out of balance ,,0”

Testing real object such as hydraulic axial piston pump
we deal with many elements which interact each other. Sta-
bility of that system can be determined by motion parameter
measured from particular element. Physically we may only
base on elements which are connected with housing of
pump.

Vibration parameters of the housing are connected with
motion of pump’s components. After selecting proper place
on housing of the pump which is geometrically connected
with testing elements. The displacement and velocity of
vibration measured in selected point related to phase space
will characterize a class of solution of partial equation
connected with particular elements of pump. The problem
how to define € area can be solving in many way. In case of
axial-piston pump it will be determination of € on the base
of dynamics analysis of pump which define as good pump.
Testing of phase trajectory for good pump with conside-
ration of outer noise will allow trajectory determination.

Theoretical consideration of this problem lids to conclu-
sion that there is no knowledge how the area Q (which is
technically static) will change yourself as a result of degra-
dation of testing element or his surroundings. Phase-space
includes information about kinetics and potential energy.
From machine model made as energy processor comes that
in the case of total energy increase of testing element, the
surface of area Q will increase. This statement enables ener-
gy structure identification of testing object. Observation of
elements which are connected with technological process
(pumping) in case of energetic efficiency decreases it is
possible to expect the area Q decrease. For elements, where
destructive coupling of dissipation energy occurred, the
area € should increase.

4.1. Analysis of received phase trajectories

Measured vibrations signals from pumps body have been
put on numerical analysis. The next step was determination
of phase trajectories. The methodology of phase trajectories
estimation used so as to detect the wear of pump elements
(rotor unit and swash plate) was based on integration of
numerical acceleration’s runs, measured in assumed points
of pump’s body in assumed direction.

Real shape of phase trajectories received for complex
mechanical systems (such as axial piston pump) contains
information on object energy distributed in a wide band of
frequencies. This often leads to receive trajectories with
complex shapes, difficult to further interpretation. In order
to limit complexity of estimated trajectories, measured
vibration signal have been filtered by moving average filter.
This led to narrow down frequency band of analyzed pumps
energy distribution. Next, the phase trajectories (called by
author real phase trajectories) were estimated and approxi-
mation of real shape trajectories by substitute curves (so
called substitute trajectories) have been proposed. It was
assumed elliptical form of substitute trajectories Figures 12,
13 and 14.
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Fig. 12. Comparison of real and substitute phase trajectories runs estimated from vibration signal measured in X direction:
a) real phase trajectory for good pump; b) real phase trajectory for wear pump; c) substitute trajectories
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Fig. 13. Comparison of real and substitute phase trajectories runs estimated from vibration signal measured in Y direction:
a) real phase trajectory for good pump; b) real phase trajectory for wear pump; c) substitute trajectories
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Fig. 14. Comparison of real and substitute phase trajectories runs estimated from vibration signal measured in Z direction:
a) real phase trajectory for good pump; b) real phase trajectory for wear pump; c) substitute trajectories
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So obtained substitute phase trajectories have been given
a quantitative measure, specified as dimensionless coeffi-
cient Az,; (4) of normalized surface area covered by phase
trajectory. This coefficient was determined for p point of
pump’s body measured in i direction (axis: X, Y or Z). But, as
the value of Az,; = 1 was assumed normalized surface area
covered by phase trajectory assigned for pump without wear.

k. ko
—_ prlrwear prlrwear
At = e “4)
p’l’efﬁciem p’l’eﬁ‘icient
where:
At),; — normalized surface area covered by

phase trajectory determined for p
point of pump body in i direction,

X 10° Substitute phase trajectories runs estimated from vibration signal measured in X direction

p’l’wear ? p’l’wear

— respectively: average values of
velocity and displacement for p
point on pumps body in i direc-
tion for pump with worn out ele-
ment,

— respectively: average values of
velocity and displacement for p
point on pumps body in i direction
for pump without wear.

Pslsefficient > Pobsefficient

Obtained charts for substitute phase trajectories
with specified dimensionless coefficients Az, ; (for x, y and z
direction) were presented on Figures 15, 16 and 17. Additio-
nally dimensionless coefficients Az,; were put together in
Table 1.
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Fig. 16. Substitute phase trajectories runs estimated from vibration signals in Y direction
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Substitute phase trajectories runs estimated from vibrations signal measured in Z direction
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Fig. 17. Substitute phase trajectories runs estimated from vibration signals in Z direction

Table 1
Comparison of 47, ; coefficients
i measurement Pump in good Wear swash Wear Wear swash
direction state plate rotor plate and rotor
X 1 0.213 0.913 0.501
Y 1 2.39 1.93 1.1
VA 1 4.59 34.83 455
5. SUMMARY References

Received phase trajectories for the positive displacement
pump in a good state and pump equipped with damaged
elements (rotor unit and swash plate), have shown high sen-
sitivity on investigated damage elements in all measured
directions (X, Y, Z). From machine model made as energy
processor comes that under vibration measurement near
rotor unit, for transducer mounted in Y and Z direction
(Figs. 16 and 17) it can be seen the growth of pump’s body
energy. It is due to dissipation of total energy in piston-cy-
linder and piston shoe — swash plate kinematic pairs. In the
case of measurements in X direction received phase trajec-
tories (Fig. 15) depict decrees of total energy with pro-
gressive degradation of investigated pump elements.
Outlined above results indicates that the use of phase
trajectory could be a useful tool for axial-piston pump state
monitoring. The quantitative measure of phase trajectories
specified as dimensionless coefficient Az,; (4), allows to
link them with the condition of analysis pump component.

Research carried out within the confidences of KBN grant
no. N501325135

Bogusz W. 1972, Statecznos¢ techniczna. PWN, Warszawa.

Cempel C. 1992, Diagnostyka maszyn. Wyd. Miedzyresortowe Centrum
Naukowe, Radom.

Kowal J., Sioma A. 2009, Active visions system for 3D product inspec-
tion. learn how to construct three-dimensional vision applications
by reviewing the measurements procedures. Control Engineering,
vol. 56.

Lyons R.G. 2006, Wprowadzenie do cyfrowego przetwarzania sygnatow.
Wydawnictwo Komunikacji i Lacznosci, Warszawa.

Murrenhoff H., Scharft S. 2006, Wear and Friction of ZRCG-Coated Pi-
stons of Axial Piston Pumps. International Journal of Fluid Power.
vol. 7, no. 3.

Ql Zhuge, Yongxiang Lu., Vibration Source Transmission Path Response
Analysis and Condition Monitoring of Hydraulic Pump. The Journal
of Fluid Control, vol. 21, no 1.

Stojek J. 2010a, Zastosowanie nieparametrycznych metod analizy sygnatu
W ocenie stanu zuzycia zespotu wirnika pompy wielottoczkowej. Hy-
draulika i Pneumatyka, nr 3, pp. 5-9.

Stojek J. 2010b, Application of time-frequency analysis for diagnostics of
valve plate wear in axial-piston pump. The Archive of Mechanical
Engineering. No. 3, pp. 309-322.

Stryczek S. 1995, Naped hydrostatyczny. WNT, Warszawa.

Zielinski T. 2009, Od teorii do cyfrowego przetwarzania sygnatow. Wy-
dawnictwo Komunikacji i Lacznosci, Warszawa.

Zbtowski B., Cempel C. 2004, Inzynieria diagnostyki maszyn. Wydaw-
nictwo PTDT, Radom.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


