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Abstract. Study of the rotating system dynamics by numerical methods requires an appropriate
modeling of cooperation of shaft with bearings. The choice of method of modeling the bearing
supports of shaft may have a significant impact both on the results obtained and the time needed
to complete the simulation. The paper proposes a simplified way of modeling the bearing supports
in rotating systems. The proposed modeling methodology is applied in the author’s library of
Simulink blocks, which is dedicated to the research of simulation of rotating systems in transient
states and in the presence of various types of non-linearity. The main purpose of applied
simplifications is acceleration of simulation calculations while maintaining sufficient accuracy.
The results of the simulation are presented on chosen example.
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1. Introduction

In case of computer simulations of rotor dynamics phenomena an appropriate modeling of
bearing supports is extremely important and affects obtained results. In real systems elastic
bearing supports can alter the nature of vibrations. Same bearings (in particular slide) are also
often source of motion instability, due to occurring damping phenomenon [1, 2]. Replacement of
the bearings with perfectly rigid supports, in principle, is prohibited and may be a source of model
mismatch to the test object.

The task of modeling the bearings in case of time-domain simulation also generates some
numerical problems [3]. For rolling bearings, too accurate representation of bearings may
adversely affect the length of the numerical integration step and increase simulation time. Low
weight of the rolling elements and relatively high contact rigidity is such that in a typical case the
frequency of vibration of the rolling elements may be up to several orders higher than the natural
frequency of rigid rotors. Since the vibration of the rolling elements and the rotors are made at
different time scales, it is difficult to effectively analyze both phenomena at the same time. If the
purpose of simulation is to obtain information on the nature of the rotor vibrations, it is best to
skip motion of the rolling elements even. Sometimes it is preferable also to block the relative
motion of the inner race and the bearing housing. Sufficient then is to consider only vibrations of
the housing with respect to elastic foundation. The housing typically has a larger mass in
comparison to the mass of the rotating inner ring, and the foundation has a greater stiffness, which
improves the matching frequency of vibration. For the same reason, not only the weight of the
inner ring should be take into account in the dynamic model, but also weight of a shaft section
mounted on the bearing.

In the literature many models of rolling bearings with varying degrees of complexity can be
found, e.g. [4, 5]. Most of them replace bearing with the elastic damping elements of nonlinear or
linearized characteristics [6]. There are also models highly complex, taking into account rolling
elements vibration and nonlinearities resulting from elastohydrodynamic contact and internal
clearances [7]. Also rich is the literature on sliding bearings and calculation methods of their
parameters, for example [8]. Is also available the professional software that enables prediction of
bearing dynamic parameters based on the assumed of geometrical characteristics [9].

In the FEM both types of rolling and sliding bearings are modeled mostly by supplementing
dynamic equations of motion of the system with additional equations of the form [10]:
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Kuﬂi + ]Dtull = ﬂ:i' (1)

where K, D — are respectively matrices of stiffness and damping of the bearing defined in the
global coordinate system, u;, f; — are displacement and generalized forces due to interaction of
bearing in node number “i” of finite element mesh, transformed into the global coordinate system.
Matrices K, D are included then in the aggregation process of the global stiffness matrix and
damping.

It is known that contact phenomena are characterized by the relationship between the forces
and the displacements of the form: F~V§3. For this reason, the linearization of the contact
stiffness is valid only when the bearing is fully operational (no clearances) and preloaded. In this
case, the vibrations take place around a fixed position of the equilibrium and force-displacement
relationship can be regarded as linear. However, stiffness matrix coefficients are depended on the
nominal state of the bearing load.

Discussed below are two basic models of bearings, used in currently developed author’s
Simulink library to study of nonlinear transient states of rotating systems of any configuration
[11, 12]. These models are adapted to the proposed in [13] methodology for division of the rotating
system into rigid and elastic-damping elements.

2. Modeling of the rotating system

The idea of division the rotating system into rigid and compliance elements, which is the basis
of the above-mentioned library Simulink [9], is illustrated in Fig. 1.

Rotor 1
] Rotor 2

Fig. 1. Division of rotating system into rigid and elastic elements

The library is built on the model of rigid rotor with six degrees of freedom with static and
dynamic imbalance [10, 11]. The bearing is treated like a rigid rotor, with the difference that
motion of rigid body representing the bearing is restricted by the contact forces resulting from the
interaction of the bearing with housing. The general idea of constructing a dynamic model of the
bearing is presented in Fig. 2. Depending on the distance of the bearing from the “big” inertial
element (rotor) two cases of modeling are possible. In the first (left bearing in Fig. 1), the body
representing movable part of the bearing can be treated as a rotor which is ideally balanced, and
therefore use simplified equation of motion (the model on the left in Fig. 2). In the second (bearing
on the right in Fig. 1) rotor is too close to the bearing. Dividing the shaft section between a lumped
mass representing a bearing and a rotor number 2 introduces the elastic-damping element with a
very high stiffness. This is a disadvantage, and better is to consider motion of body which is a
combination of the shaft section and supported bearing with a rotor. However, in this case the
more complex equations of motion of imbalanced rotor should be taken into account (model on
the right in Fig. 2).

94 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. FEB 2016, VOL. 18, ISSUE 1. ISSN 1392-8716



1875. SIMPLIFIED METHOD OF MODELLING THE BEARING SUPPORTS IN ROTATING SYSTEMS.
ToMASZ MATYJA

m!]t\!]p! ey

mv]t!]p

b)
Fig. 2. Two typical dynamic models of the bearing resulting from applied division
of rotating system into stiff and elastic elements

3. Equations of motion of rigid body representing rotors

To describe the position of each body (inertial element of the rotating system), six generalized
coordinates are necessary:

q = [x¢.yc,ze, ¥, 0, 0]", 2

“ {3

which corresponds to translational motion in the global coordinate system, the axis coincides
with the projected axis of rotation of the machine. On the axis “z” are geometric centers of rotors,
shafts and other components of the rotating system, in an undeformed state, at rest. Rotating
motion is described whereas in local systems &, 17, { permanently associated with the inertial
element using a set of Euler angles ¥, 8, ¢, which form rotation 1-2-3. On each element act

generalized forces generated by susceptible elements:

Q = [Qupr Qypr Qzpr @y Qo Q] - 3)

In many cases, it is more convenient to express these forces in the global coordinate system,
for example when they are resulting from the elastic properties of the bearings.

The equations of motion of a rigid imbalanced rotor taking into account the coupling between
the flexural, torsional and longitudinal vibration are quite complex, even after linearization. They
are described together with a proposed method for their decoupling in the work of the author
[10, 11]. The inertial decoupling procedure for such equations requires the calculation of
coefficients of the respective matrix at each position — step of numerical integration.

When modeling the bearings, it is not always necessary to take into account imbalances.
Typically, gyroscopic vibrations (an inclination of rotor’s plane described by angles 1) and ) are
very small. In such a case, one can use the equations of motion of the perfectly imbalanced rotor.
The rotary equations of such a rotor, after linearization, replacing generalized forces by
corresponding moments of force in the global coordinate system and rejection of terms containing
products of 18 take the form of [11]:

Jeb + Jp90 + ], 106 — 2]p66 = My — OM,,

/0 _]p¢¢ _]plng +]t¢29 = My +yYM,,
N AP e

o +]p1/)0 <]t> @00 =M, + M,0 ( ] ) Myl/),

t

4
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where: J;, J,, represent respectively transverse and polar moments of inertia.
4. Equations of bearing motion

On arigid body obtained as a result of modeling, representing the movable part of the bearing,
act forces related to the internal stiffness and damping in the bearing marked symbolically by Fj.
Other forces F;, F, come from shaft parts combined with the bearing. Symbols F determine in this
case vectors of the six components expressed in the global coordinate system. If the bearing is
sufficiently short, all these forces can concentrate directly in the center of the bearing B. Counter
force to Fy acts on the bearing housing. It is at once a dynamic response which can be significant
when selecting the bearing.

ey L -
FL X "FR//{m']tl]p}b
l L c=B |r Z
q fFB

Qn _L

Tbh K

Fig. 3. Dynamic model of the bearing

In order to simplify the model, it is assumed that housing motion takes place exclusively in
lateral and is described by vector q, = [x,, 5, 0,0,0,0]7.

If the Euler angles 1, 6 are infinitesimal small, they correspond to the respective angles of
deflection in the global coordinate system. Then the dynamic response of the bearing can be
calculated by the general formula:

Fp = K(qp — qn) + Ky (qp — qn)" + D(q5 — qn), Q)
where KK, is an optional matrix of nonlinear stiffness (usually n = 3). Symbol (-)™ should be
understood as “.*”” in Matlab. Stiffness matrix of bearing can be adapted to the universal character

of both types of bearings — sliding and rolling:

[ kxx kxy 0 kxﬁx kx19y 0
kyy kyy 0 kyg, kygy 0
0 0 k 0 0 0
K- - | (©)
kox koy 0 ko, koo, O
ko,x ko 0 koo ko, O
L 0 0 0 0 0 0-

A similar structure is adopted for non-linear stiffness matrix and damping matrix. Coefficient
k,, # 0 occurs only in resistive bearing. Stiffness of type ky,,, ky, occur only in sliding bearings,
and then the stiffness matrix does not have to be symmetrical k, # k,, [8]. In the simplest case
the rolling bearing K = diag(kyy, kyy, k27, k9,9, kﬂylgy, 0).

Further, the dynamic forces may be complemented with a friction force, for example by using
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elementary friction model:

(72 2 72 wors pedp | o (6
FTZ = _nu‘ FBZ.X + Fl??ySIgn(Z)' MT'Bz = _% FBZX + FBZySlgn(ﬁZ)’ (7)

where u, u, — friction coefficients, dg — the diameter of the inner race.
Excluding factors containing small angles 1, 6, the equations of motion of the movable part
of the bearing (Fig. 3) and the housing take an approximate form [11]:

l;b]t + <p9]p =M,, mi=F,

6] — o], =M, myj =F,

@J, + 8], =M,, mi=F, (3)
MpEp + bpyXp + KpxXn + KnnxXn = Fpy,

MmpVp + bpyYn + knyYn + knnyyh = Fpy.

If the bearing is lying very close to the rotor as illustrated in Fig. 2(b), the equations of motion
of imbalanced rotor should be applied instead of the first six Eq. (8).

5. Simplified method of modeling the bearing

The direct integration of equations of motion required during the study of transient states is
very time consuming. Calculations can be accelerated by maximum simplification of the machine
model and reducing the number of considered degrees of freedom. Therefore, frequently sections
of the shaft are replaced by single massless elastic-damping elements, whose stiffness and
damping matrices can be determined using, for example, a beam model used in the FEM. The
approach adopted to the functioning of Simulink library [9] does not allow for support such
elements or serial-to-parallel connecting with other elastic elements. In principle, each central
bearing divides shaft into two parts and is an inertial element whose motion should be analyzed.

By replacing the bearings with corresponding forces of inertia and stiffness, which are reduced
to the ends of the supported shaft (beam), one can mitigate this limitation and at the same time
simplify the model. This corresponds to a reduction process of distributed loads applicable in
FEM. A similar idea is used for modeling the shaft cooperating with a long bearing as a beam on
elastic base. During the first tests of the proposed method only the forces associated with
transverse motion of the housing were considered, which proved to be inadequate for the accuracy
of the results. The postulate was to include additionally elastic and damping forces coming from
gyroscopic effects [11].

Below, it is assumed that the forces from the bearings operate pointwise (Fig. 4). In contrast
to the bearing model described in Section 4, in a simplified model it is necessary to interlock
transverse movements of the movable part of the bearing and the housing.

Displacements of beams ends representing the section of the shaft are already established,
because they are known movements of the inertial elements with which the shaft is rigidly coupled.
Euler angles 1, 6, ¢ need to be transformed into the global system in order to calculate the angles
of deflection and rotation 9, 9, 9, of a beam. In the case of small enough 1, 6 it can be shown
that the angles ¥y, 9, ¥, are approximately equal angles ¥, 6, ¢ [11].

The idea of a simplified model is explained for displacements associated with bending in the
plane yz. Nodal displacements of a beam element can be written as a vector
Q. =1 —¥1 ¥y, —¥,]7. On the basis of the nodal displacements can be calculated
displacements and then velocity and acceleration of any point within an element:

N. N. N. N.
q(f) = [Y(f): _w(f)]T = N;i sz N;z N;i [yl _1,01 Y2 _1,02 ]T' (9)
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where: N;; — shape functions of a beam, { dimensionless value from the scope (0, 1). Eq. (9) can

be rewritten in a form: q = N, and then calculate (&) = Nq,.
The impact of the bearing in a yz plane can be replaced by distributed loads in a form (occur
relationships: & = z/L and 6(2) = dH/dz, §(z) = 6(§)/L):

py(z ) my + bhy + khy (E 8 —%)
F(zp)

where m;, —mass of bearing housing; by, k;, — damping and stiffness of base; J, moment of inertia
of bearing, by, ky, — damping and stiffness of bearing, §(§) — Dirac delta, H(§) — Heaviside
function.

1,13 & 2,102}

|—>z

§= O\L (£)y¥Co) £=1 vV (o)
A

v kn, by M myy

A kyy

A bh}"

S0 -
DIy w(SO)W )
I» Z \l/&lp
v 7@—§ bl
Je . b

y
Fig. 4. Sketch for the calculation of additional nodal forces caused by the bearing

Distributed inter nodal loads trigger additional forces focused in nodes of beam element
Q = Kq, + Q°, where K is stiffness matrix in plane yz. These additional forces can be calculated
by comparing the work prepared:

1

SLyo = 6q1Q° = 8L, = j 54" (D)p(2)dz = SqlL j NT(©)p(§)dE, (11)

0

because: q = Ndq,, z = L¢, dz = Ld¢.
Distributed load Eq. (10) can be expressed by shape functions and nodal values:

o = -2 £ m

NG+ g [N+ o [NEa a2

Since the integral on the right side of Eq. (11) is equal to the value of the integrand at the point
& is:

Q° = -N"(5) [m“ P I CA LR Y] O L TG

W[y N "

The matrix product of shape functions forms a symmetrical 4x4 matrices in a form of:
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Ni NuNgp NygNig NNy
N% NNz NNy
N NNy
N

Ni = NTNL(fO) = (EO)! i= 1! 21 (14)

which can be calculated once at the beginning of the simulation based on the input defining the
position of center of bearing with respect to the element. Finally, additional nodal forces can be
calculated from the formula:

Q% = (myV, + e V) A, + (thl + blez)(f]le + (kth + ktpNz)(QIe- (15)

In a similar manner shall be calculated forces in a plane xz. There is also a possibility to take
into account the friction forces. If the mass of the bearing housing is omitted, the case when the
bearing acts on a longer section of the shaft as elastic foundation can be generalized as shown. It
is then to modify the Eq. (10) for the distributed loads.

6. Numerical example

The Fig. 5 shows two dynamic models of an exemplary rotating system made in Simulink,
using author’s library previously mentioned. The rotating system consists of two rigid rotors
mounted on a shaft supported on two bearings. Both described dynamic models of bearings was
used. Similarly, as shown in Fig. 1, rotor 1 has a greater mass, static and dynamic unbalance and
is positioned centrally between the bearings. Rotor 2 is located at the end of the shaft near the
bearing. In time of 2.5 s the start-up of the rotating machine and then motion with a constant speed
1000 rad/s was simulated.

5, N @@
Temestr o clok
Engine
T e N Kinematic input
MassessBeamshatt v1
- -
o

B a A oWt

ToWarkspacs?

R DoE=s Forcast
= ToWokspaces
5
L

e = _bors N e o
S&D kinematic input
n S e

:
-y
-
: o
B . = il
=] :

-~ To Workspace2
— ;2 DOF=6 -
ToWorspacet zeroforce ThinRIGAR ofor 1.0
R ores Fors2 1
- ToWarsmee
2 o a

w%n ®
MasslessBeamShatt v.2
2

,
-
R -~ o]

FL
DOF-5 aTeWoRt DOF=6 To Workspaces
ThinRgidRotor vt 0 ThinRigidRotor v1.0
2 2

PR

Fig. 5. Simulink models of an exemplary rotating system

Figs. 6 to 11 show selected examples of the simulation results obtained with the use of the both
bearings models: a) model described as first and b) the simplified model. Despite the use in models
identical parameters of stiffness and damping, during passage through the critical states, the
amplitudes of transverse and torsional vibrations are higher for the simplified bearing model.
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Simultaneously the rotor speeds at which the transverse vibration amplitude is the largest (critical
speeds) are close to each other. However, consistency of results is very good in range of subcritical
and supercritical speeds (Fig. 11). One should also emphasize that the in case of simplified model
the simulation time was close to 50 % shorter.

1 Re: 367 16 [radis]
158.44 [Hz]
I

s

o L L L L L L L L il L L L L L L L L
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
o [radls] o [radss]

a) b)
Fig. 6. The distance from the axis of rotation of the mass center (P) and
the geometric center (C) of the rotor 1 depending on rotor’s angular velocity
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Fig. 7. The trajectory of rotor 1 center of mass (self-centering)
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Fig. 8. Transverse and gyroscopic vibrations of rotor 1
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Fig. 11. Transverse and gyroscopic vibrations of rotor 1 during movement of the fixed speed
7. Conclusions

Performed simulations showed that the modeling of bearings in rotating systems has a
significant impact on the obtained results. The proposed simplified model of the bearing, in which
the action of the bearing is replaced with statically equivalent concentrated forces, proved to be a
low accurate when the system passes through the critical states. Despite the differences in
amplitude, similar values of critical speeds were determined. Because the model with simplified
bearings is almost 50 % faster, it can be used in the future for rough evaluation of basic parameters
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of the rotating system and, for example, in the case of pre-selection of the parameters of vibration
dampers.

References

1
2]

131

[4]
[5]

[6]
(7]
8]
9]
[10]
(11]
[12]

[13]

102

Vance J., Zeidan F., Murphy B. Machinery Vibration and Rotordynamics. John Wiley and Sons,
New Jersey, 2010.

Burdzik R., Wegrzyn T., Konieczny k.., Lisiecki A. Research on influence of fatigue metal damage
of the inner race of bearing on vibration in different frequencies. Archives of Metallurgy and Materials,
Vol. 59, Issue 4, 2014, p. 1281-1287.

Burdzik R. Implementation of multidimensional identification of signal characteristics in the analysis
of vibration properties of an automotive vehicle’s floor panel. Eksploatacja i Niezawodno$¢ —
Maintenance and Reliability, Vol. 16, Issue 3, 2014, p. 439-445.

Tadina M., Boltezar M. Improved model of a ball bearing for the simulation of vibration signals due
to faults during run-up. Journal of Sound and Vibration, Vol. 300, Issue 17,2011, p. 4287-4301.
Sopanen J., Mikkola A. Dynamic model of a deep-groove ball bearing including localized and
distributed defects. Part 1: theory. Proceedings of the Institution of Mechanical Engineers, Part K:
Journal of Multi-body Dynamics, Vol. 217, Issue 3, 2003, p. 201-211.

Lim T. C., Singh R. Vibration transmission through rolling element bearings, part 1: bearing stiffness
formulation. Journal of Sound and Vibration, Vol. 139, Issue 2, 1990, p. 179-199.

Wensing J. A. On the Dynamics of Ball Bearings. Ph.D. Thesis. University of Twente, Enschede, The
Netherlands, 1998.

Kicinski J. Rotor Dynamics. Print IMP PAN. Instytut Technologii Eksploatacji in Gdansk, Radom.
2006.

MESYS Rolling Bearing Calculation Software. MESYS AG, Zurich.

Tiwari R., Chakravarthy V. Simultaneous identification of residual unbalances and bearing dynamic
parameters from impulse responses of rotor-bearing systems. Mechanical Systems and Signal
Processing, Vol. 20, Issue 7, 2006, p. 1590-1614.

Matyja T., Lazarz B. Modeling the coupled flexural and torsional vibrations in rotating machines in
transient states. Journal of Vibroengineering, Vol. 16, Issue 4, 2014, p. 1911-1924.

Matyja T. Model of stiff rotor with six degrees of freedom. 20th International Congress on Sound and
Vibration, Bangkok, Thailand, 2013.

Matyja T. The proposal of methodology for modeling coupled flexural-torsional vibrations in
transient states of rotating systems. PIB, Radom, 2014, (in Polish).

Tomasz Matyja received Ph.D. degree in Mechanical Engineering Faculty of Materials
Science, Metallurgy and Transport Silesian University of Technology, Katowice, Poland,
in 1999. Now he works at Faculty of Transport Silesian University of Technology. His
current research interests include mechanical engineering, machine dynamics, FEM.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. FEB 2016, VOL. 18, ISSUE 1. ISSN 1392-8716




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<

    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


