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Snubber and shroud have been widely adopted in steam turbine last stage blades
to decrease the vibration stress. The contact surfaces between snubber and
shroud own obviously fractal geometry characteristics. Based on fractal geome-
try theory and finite element non-linear vibration theory, the fractal friction mod-
el that describes friction damping contact could be accurately established. In this
paper, the contact fractal elements are set up and the non-linear vibration re-
sponse characteristics of a long steam turbine last stage blade with snubber and
shroud are calculated. The results show that, with the increase of shroud normal
force, the resonant amplitude of the blade experiences a decreasing period fol-
lowed by an increasing period while the modal damping ratio increases first and
then decreases when there is only shroud contact. The regulations are similar
when there are both shroud and snubber contacts. The resonant frequency in-
creases until the normal contact forces increase to some degree.
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Introduction

With the development trend toward high parameter and large capacity, the exciting
force loaded on steam turbine blades increases significantly. The blade vibrates intensively
and is prone to high cycle fatigue failure [1]. An effective way is to adopt an integral snubber
and shroud damping structure in the design of the blade to improve the rigidity and damping
of the system. The friction contact surfaces of blades have friction damping characteristics.
The complex contact state brings great difficulties to the vibration analysis of the blade.

Scholars have put forward a variety of contact friction damping model to describe
the friction damping characteristics in contact interfaces, but no accurate results were ob-
tained. Friction damping models based on the Hertz theory were generally adopted. Damping
structures of the blade, such as lacing wire, integral shroud, and dampers, have been widely
researched for the vibration characteristic. Menq et al. [2] proposed a friction contact model
that could investigate the stuck-sliding-separated state between the contact surfaces when the
normal force changes. Yang et al. [3] further proposed a more complex friction analysis mod-
el that judge the stuck-sliding-separated state, and a theoretical formula transformed between
the various contact states was deduced under the condition of simple harmonic motion. Ciger-
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oglu et al. [4] proposed a 1-D dynamic microslip friction model, which considered the friction
damper inertia, and the different viscous-sliding state transition process with three different
normal force distributions was analyzed.

Fractal geometry theory has been widely used to analyze the engineering structure
surfaces and contact stiffness with scale invariance and self-affinity [5-9]. Though blade fric-
tion damping contact surfaces seem to be complex and disordered, actually they show the
same features of fractal behavior and complex non-linearity. Friction model based on the frac-
tal geometrical theory gradually attracts the attention of scholars. Jiang et al. [10] proposed a
general contact stiffness model to study the contact state between rough surfaces of machined
plane joints under different normal load by fractal theory and experimentally verified the
method. Liu ef al. [11] used the fractal theory to investigate the non-linear vibration behavior
of a shrouded blade with friction dynamic contact interface.

Based on the fractal geometry theory and finite element non-linear vibration theory,
a friction damping vibration analysis model of a last stage long steam turbine blade with
snubber and shroud is built in this paper. By programing APDL and combining software AN-
SYS, we calculate the vibration response characteristics of the blade through iterative compu-
tations under different normal forces in snubber and shroud contact interfaces.

Fractal contact model and finite element method

Fractal contact model and contact stiffness

Local contact surfaces of the blade display self-similarity. Whether which scale ob-
served from, there are similar fine structures in a smaller scale in the surface, which can be
characterized by fractal geometry. Fractal contact surface cannot describe the internal struc-
ture by characteristic scale, and it generally depends on the concept of the fractal similar di-
mension.

Assuming that an object or geometry has the characteristics of fractal geome-
try, it can be divided into N parts and each part has the self-similarity. Thus, the fractal
similar dimension D can be written:

_InN (1)
lnl
p

D

where 7 is the scale length and N is the scale number.
Contact surface roughness can be deterministically simulated by W-M function,
which can be expressed [6, 7, 12-14]:
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where z is the random surface profile height, x — the displacement co-ordinate distance,
G' — the fractal roughness characteristic scale reflecting the size of z, D — the fractal dimen-
sion (1 < D < 2), quantitatively measuring the irregular and complexity of surface profile on
all scales, ¢;, —a random phase, § — a constant greater than 1 which determines the spectral
density and the scale of the self-similarity (for a random surface that obeys the normal distri-
bution, 8= 1.5 [10]), 8" — the spatial frequency controlling the spectrum of rough surface, and
L — the sample length.
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The normal contact stiffness of a microcontact can be written [10]:

’ _dF 4E* 3-D 3-D
Tds 3m2-D
where £ and a denote the equivalent elastic modulus of system and the real microcontact ar-
ea, respectively, and F is the normal contact force.
The tangential stiffness of a microcontact is expressed [10]:
- 4Gr,

To2-v
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where G, ry, and v denote the shear modulus of elasticity, radius of real contact area and Pois-
son ratio, respectively.

Thus, the whole normal stiffness K, and the whole tangential stiffness K, are given
by [10]:
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Finite element non-linear vibration method

The partial differential equation of system motion can be expressed by:
0’5
M]—-

L) 2
= +[MG]5+§T[H]§5=F+QC+QP (7

where [M] is the element mass matrix, [Mg] — the element Corolis force matrix, { — the partial
differential factor, [H] — the constitutive matrix, F - the node force vector given by the adja-
cent element and the boundary condition of the blade, Q. — the centrifugal force vector of el-
ement, and Q,, — the aerodynamic force vector of element.

The partial differential factor { can be expressed:
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According to finite element method to assemble, eq. (7) could be written:
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When the structure system motion equation is large and the dynamic response calcu-
lation costs a long time, the multimode solution method is employed generally. The n™ nor-
malized mode shape can be written as the following form:

=y vy - ] (10)

The displacements can be obtained:

o=Vlql=ly, vy - w,Ixlay ¢ - ¢, (11)

where [g] is a single column matrix of co-ordinate values.
Multiplying eq. (9) by ¥, the equation of system motion can be formulated:

o* d
[1]?f+ W[M]Gsva—‘t] T THI W = R (12)
whereR:Y’T(ZF+ZQC +ZQP):[;»1 By e ’”n]T-

Equation (12) indicates » mutual independent second-order partial differential equa-
tions. When the damping ratio is very small, ¢; can be calculated by:

e .
q =EJ.’? sinw;(t —7)d7 +a,; sinw;t + b, cos w;t (13)
10

where a; and b; are constants determined by the initial conditions, w; — the natural frequency
and 7 — a time increment, which is less than ¢.
Substituting eq. (13) into eq. (12), the response displacement can be represented:

0= Z V4, (14)
i=1

Response analysis of a friction damping blade

The finite element model (FEM) of the last stage long steam turbine blade with

snubber and shroud is established, as illustrated in fig. 1. The friction damping structures of

the blade include the shroud located at the top and

the snubber located at 50% blade height. The fric-

Shroud damping  tion damping effects between adjacent snubber

contact surtace  and shroud surfaces, for one thing, increase the

stiffness and avoid the resonance, for another, dis-

sipate the vibration energy and increase the struc-
ture damping.

The 3-D non-linear contact analysis of the
Snubber damping  hlade is carried out in 18 operating conditions
contact surface .

ranging from 2100 rpm to 3000 rpm. Through fur-
ther analysis, the normal forces in snubber and
shroud friction interfaces under different speeds
are obtained, which provides the basis for the
Figure 1. The FEM model of a long steam analysis of vibration response characteristics. Fig-
turbine blade with snubber and shroud ure 2 shows the changing curves of the normal

Point 1
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force between the adjacent snubber and 2700 ————
shroud contact surfaces along with the % 2250| —®- Snubber /‘
change of rotational speed. It can be seen 5~ | s
that, the normal force between the shroud g 1800t i
surfaces increases with the speed. Besides, S 1350 /‘/‘}
after snubber surfaces closes at 2413 rpm, [ ™
the normal force between the snubber con- 900}
tacts increases with the speed.
Spring damping elements are built in 450r
the snubber and shroud interfaces to simu- 0 i i ; i
late the friction damping effect. Analysis of 2000 2200 2400 2600 2800 3000 3200

o S . Speed
vibration characteristics of the damping oSt

blade based on fractal theory is carried on Figure 2. Changing patterns of normal force
under a variety of normal force conditions Petween snubber and shroud surfaces
corresponding to different rotational speeds. The response curves of the vibration amplitude
of point 1 and point 2 of the blade are obtained. Point 1 is at the top and point 2 is above the
snubber center section.

By introducing dimensionless vibration displacement, y, in the result analysis, the
vibration amplitude of the response curve is converted into the corresponding dimensionless
quantity. Dimensionless vibration displacement y can be written:

y=2 (15)
4,
where 4, is the resonant response amplitude of point 1 of free-standing blade, and A4 is the
calculated resonant response amplitude.

Figures 3 and 4 show the numerical results of point 1 and point 2 under various con-
ditions. While the blade contacts, the resonant amplitude of point 1 of friction damping blade
decreases maximally to 1.37% of that of free-standing blade. The resonant amplitude of point
2 of friction damping blade decreases maximally to 7.64% of that of free-standing blade.

1.2 0.25 - -
4 1 — Freestanding y : 1 —— Shroud contact
10k o i .2 =—Shroud contact : :2 = Shroud and snubber contact
' 3 — Shroud and snubber contact 0.20 : E——— T S
(-] S— e S S
i ! ; 0.15
0.6 : : :
L 0.10
04} : : :
02k 0.05}
0.0 .

0.00 - S L o
0 50 100 150 200 250 300 220 230 240 250 260 270 280 290 300
Frequency [Hz] Frequency [Hz]

Figure 3. Calculation results of point 1; (a) the test response curves, (b) partial enlargement
To investigate the effects of friction damping between snubber and shroud surfaces

on vibration characteristics of the blade, the frequency response curves of vibration amplitude
are obtained under six different contact conditions from condition a-f, as shown in tab. 1.
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Figure 4. Calculation results of point 2; (a) the test response curves, (b) partial enlargement

Table 1. Test conditions

- Sigesil Shroud Snubber
Conditions ] fnormal normal force,

orce, [N] [N]

a 0 0 0

b 2200 13114 0

c 2300 1454.3 0

d 2413 1628.6 12.3

e 2600 1921.4 340.7

f 3000 2475.7 1183.7

Figures 5 and 6 show the resultant
curves of resonant amplitude and modal
damping ratio along with the change of test
condition. From conditions a-c, the resonant
amplitude decreases first and then increases
while the modal damping ratio increases
first and then decreased. In condition a, the
blade is free-standing, only relying on mate-
rial damping to dissipate vibration energy,
which leads to a greater resonant amplitude
and a lower resonant damping. In condition
b, vibration energy of the blade is dissipated
mainly by friction movement in shroud con-

tact interfaces, which decreases the resonant amplitude and increases the modal damping ra-
tio. In condition ¢, although the increasing normal force in shroud contact interfaces gives rise
to a higher friction, the relative movement displacement amplitude is also greatly reduced,
which leads to the increase in resonant amplitude and the decrease in modal damping ratio.

1.2
14

—e—Point 1
—a—Point 2

1.0

0.8

0.6

0.4

0.2

0.0

e L

Cond

c d e f

ition

Figure 5. Changing curves of resonant amplitude
for point 1 and point 2

0.015
4
0.012 // 2
0.009 \\
0.006 .//
0.003

a b c d e f
Condition

Figure 6. Changing curve of modal
damping ratio
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It can also be seen that, from condition 300
c-f, there are both shroud and snubber contacts ¥ A
and the resonant amplitude decreases first and 3 2°°[
then increases gradually, while the modal 3 .y, /
damping ratio increases first and then decreased £ /
gradually. The normal force between shroud & 150
surfaces is high and the vibration energy is dis- 3 /
. oo . 8 100
sipated mainly in snubber interface. The normal & /
force in snubber interfaces increases as the test 50
condition changes, which brings that the chang-
ing patterns of the resonant amplitude and the 0 a b c d e f
modal damping ratio are similar to that at the Condition
previous stage. Figure 7. Changing curve of resonant frequency

Figure 7 shows the resultant curve of res-
onant frequency along with the change of the test conditions. From conditions a-f, the reso-
nant frequency of the blade increases continuously. The resonant frequency changes highly at
low normal force, and it changes little at high normal force. After condition e, blade interfaces
of shroud and snubber are in a viscous state, which means the blade is self-locked and leads to
the little variation in resonant frequency.

Conclusions

Based on the fractal geometry theory and finite element non-linear vibration theo-
ry, a fractal contact model of the blade is set up. By using the analysis method of vibration
damping response steam turbine blade with snubber and shroud, the analysis of friction
damping vibration response characteristics of a large power long steam turbine last stage
blade with snubber and shroud is carried out. Snubber surfaces close at 2413 rpm and nor-
mal forces between the snubber and shroud surfaces increase with the speed. The resonant
amplitude of point 1 and point 2 of friction damping blade are maximally reduced to 1.37%
and 7.64% of that of free-standing blade, respectively. With the increase of shroud normal
force, the resonant amplitude of the blade experiences a decreasing period followed by an
increasing period while the modal damping ratio increases first and then decreases when
there is only shroud contact. The regulations are similar when there are both shroud and
snubber contacts. The resonant frequency increases with normal forces. When the normal
contact forces increase to some degree, the resonant frequency changes little.

Nomenclature

a - real micro-contact area, [m’] r, —radius of real contact area, [m]
D — fractal similar dimension, [—] z —surface profile height, [m]

E* — equivalent elastic modulus, [Nm '] Greek symbol

F  —normal contact force, [N] Ymoos

G' —roughness characteristic scale, [—] y — dimensionless vibration displacement
G — shear modulus of elasticity, [Nm '] 0 —displacement, [m]

K, —whole normal stiffness, [Nm '] ¢ — partial differential factor, []
K, —whole tangential stiffness, [Nm™'] v — Poisson ratio, [-]

k, —normal stiffness, [Nm™'] 7 —time increment, [s]

k, —tangential stiffness, [Nm '] ¥ —n" normalized mode shape, [-]

L - sample length, [m] w; — natural frequency, [-]
q — matrix of co-ordinate values, [-]



Zhao, W., et al.: Study on Vibration Characteristics of Damping Blade with ...
S894 THERMAL SCIENCE, Year 2016, Vol. 20, Suppl. 3, pp. S887-S894

References

[1] Zhao, Z. H., et al., A Review of Research on Damper of Turbine Blade, Turbine Technology, 50 (2008),
1, pp. 1-5

[2] Mengq, C. H,, et al., The Influence of a Variable Normal Load on the Forced Vibration of a Frictionally
Damped Structure, Journal of Engineering for Gas Turbines and Power, 108 (1986), 2, pp. 300-305

[3] Yang, B. D., et al., Stick-Slip-Separation Analysis and Non-Linear Stiffness and Damping Characteriza-
tion of Friction Contacts Having Variable Normal Load, Journal of Sound and Vibration, 210 (1998), 4,
pp- 461-481

[4] Cigeroglu, E., et al., One-Dimensional Dynamic Microslip Friction Model, Journal of Sound and Vibra-
tion, 292 (2006), 3-5, pp. 881-898

[S] Majumdar, A., et al., Fractal Characterization and Simulation of Rough Surfaces, Wear, 136 (1990), 2,
pp. 313-327

[6] Majumdar, A., et al., Fractal Model of Elastic-Plastic Contact Between Rough Surfaces, Journal of Tri-
bology, 113 (1991), 1, pp. 1-11

[71 Yan, W., et al., Contact Analysis of Elastic-Plastic Fractal Surfaces, Journal of Applied Physics, 84
(1998), 7, pp- 3617-3624

[8] Komvopoulos, K., Ye, N., Three-Dimensional Contact Analysis of Elastic-Plastic Layered Media with
Fractal Surface Topographies, Journal of Tribology, 123 (2001), 3, pp. 632-640

[9] Goerke, D., et al., Normal Contact of Fractal Surfaces Experimental and Numerical Investigations,
Wear, 264 (2008), 7-8, pp. 589-598

[10] Jiang, S., Y., et al., A Contact Stiffness Model of Machined Plane Joint Based on Fractal Theory, Jour-
nal of Tribology, 132 (2010), 1, pp. 1-7

[11] Liu, Y., L., et al., A Friction Contact Stiffness Model of Fractal Geometry in Forced Response Analysis
of a Shrouded Blade, Non-Linear Dynamics, 70 (2012), 3, pp. 2247-2257

[12] Borodich, F. M., et al., Similarity and Fractality in the Modelling of Roughness by a Multilevel Profile
with Hierarchical Structure, International Journal of Solids Structures, 36 (1999), 17, pp. 2585-2612

[13] Majumdar, A., et al., Fractal Network Model for Contact Conductance, Journal of Heat Transfer, 113
(1991), 3, pp. 516-525

[14] Kogut, L., et al., Electrical Contact Resistance Theory for Conductive Rough Surfaces, Journal of Ap-
plied Physics, 94 (2003), 5, pp. 3153-3162

Paper submitted: February 1, 2016
Paper revised: March 15, 2016
Paper accepted: March 26, 2016




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /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 false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /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 false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



