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Abstract. In this paper, in order to investigate the natural modes of the rotor system of
turbocharger, the analytical model of floating-ring bearing, the FEM and modal test technology
were employed. Firstly, based on Reynolds equations of the dynamic oil layer of floating-ring
bearing, the oil layer pressure was obtained by using the finite difference algorithm. Then the
stiffness coefficients and damping coefficients were calculated by using integration method. Next
the FEM model of rotor system with supporting stiffness of floating-ring bearings was established.
Then the natural modes of rotor system were simulated with considering the oil layer stiffness of
the floating-ring bearings and the rotor’s rotating speeds. Lastly, the natural modes were identified
with modal test technology and furthermore the FEM calculation results were verified. The
investigation shows that the oil layer stiffness of the floating-ring bearings and rotating speeds of
the rotor have great influences on vibration modes of the rotor system.

Keywords: floating-ring bearing, natural modes, turbocharger, rotor system, FEM, modal test.
1. Introduction

Turbocharger is a component which can improve the burning efficiency and reduce the fuel
consumption by increasing the density of the air in the cylinder and so is now widely used in the
engines. Turbocharger has a high rotational speed and its working speeds are between
60,000 r/min and 250,000 r/min. Its core component is a rotor system with double disc and double
support. When the rotor rotates at high speed, not only does the resonant vibration of the rotor
occur, but also do the oil whip and oil whirl of the floating-ring bearings appear. So the
investigation on the natural modes of rotor system, including impeller, the rotor shaft, the
floating-ring, the oil layer bearing and turbine, is necessary and is of great importance for
improving turbocharger’s stability and reliability.

The different types of vibration problems of rotor system have been studied [1-10]. For
example, Ying J. [9] calculated the bearing oil-film force by a database method and studied the
influence of both pad offset and preload. Huang R. [10] established a rotor dynamic model of a
vehicular turbocharger considering seal structures and gas flow-exciting and analyzed the
influences of accelerating on the transient response of the bearing — rotor system. Li G. J. [11]
studied the dynamics modeling and analysis method of rotor system. In his research, in order to
prove the validity of the method of modeling and the accuracy of the analysis results, the
theoretical calculation and test check was combined, and according to the theory and test methods,
a new visualization software which was special for the turbocharger was developed. Li H. L. [12]
firstly established the mathematical model to find turbocharger critical speed, the second and third
critical speeds of rotor system were calculated by transfer matrix method and Riccati transfer
matrix method. Then the turbocharger dynamic differential equations without floating-ring and
including floating-ring were established and the motion stability and the phenomenon of limit
cycle that is caused by oil whip was analyzed based on the Hopf bifurcation theory. Furthermore,
the influence of structure parameters on the limit cycle was also analyzed. Ashtekar A. and Zhu L.
[13, 14] established a double overhung flexible rotor dynamic model of turbocharger by using the
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transfer matrix method, and modal analysis of the whole system was carried out via the linearized
oil film force, and then the influence of the supporting point and supporting stiffness on nature
mode of rotor were investigated. In this paper, the influence of double oil film of floating-ring
bearing nonlinear effect on the rotor of the turbocharger system will be investigated through
numerical method combined with Capone oil force model. The main research work of this paper
is to establish the analytical model of floating-ring bearing and the FEM method of the rotor
system, and then the natural modes of the rotor system is calculated. And the modal results under
no rotating speed are verified by using the experimental modal test technology.

2. Dynamical model of floating-ring bearing

The rotor system of turbocharger is supported with two floating-ring bearings, and its
dynamical model is shown as Fig. 1.

[2)

b)
Fig. 1. Dynamical model of floating-ring bearing

InFig. 1, kyy, kyy, kyx and k,,,, are stiffness coefficients of oil layer, ¢y, Cxy, Cyx and ¢y, are
damping coefficients of oil layer; R; is radius of rotor shaft, R, is radius of floating-ring; w, and
w, are rotational angular velocity of floating-ring and rotor shaft respectively. m; and m, are
rotor system mass and floating-ring mass respectively. The stiffness and damping of floating-ring
bearings are related to the inner hydrodynamic oil film and the outer hydrodynamic oil film of
floating-ring bearing.

Take the infinitesimal body of oil film as the force analysis object, and use the flow continuity
equation and Newton’s law of viscosity. Then the following mathematical expression of Reynolds
equation can be derived as following Eq. (1):

16<h36p> 6<h3ap>_1 oh oh

— = s =) == R 1
R29g\12n0¢) " 9z\129 0z (@1 + w2) 52+ 50 0

2

where R is radius of bearing (unit, m); p is pressure of oil layer (unit, Pa); n is the oil viscosity
(unit, Ns/m?); z is axial coordinate of bearing and its origin is located at middle of bearing width;
t is time (unit, s).

Let the partial differential Eq. (1) be discretized into a differential equation, and organize as
following:

AijPyjar T BijPyjy + CijPiyy; + Dipiy = Eujpy; = Fijy
i=1.,m-1 j=1..,n-1,

@
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where 4; ;, B; j, C; j, D; j, E; j and F; ; are expressed as following:
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The Eq. (1) could be written as the following matrix:
AP =F, ©

where the matrix A and vector F are the function of €, D/L, Aé and Az, and further the matrix A
is a high order, large and sparse matrix.

There are many ways for solving the differential Eq. (9). At present the most commonly used
method is super-relaxation iteration method. The super-relaxation iteration method has advantages
of wide applicable scope, process stability, and simple programming, etc. Its calculation process
is as follows:

1) Preset the radius R, width L, initial eccentricity ratio &, and deviation angle ¢,, then
calculate A;;, B; j, Cj, Dy j, E;jand Fy; (i=1,...,m—1,j=1,.,n—1), according to the
Eq. (3) to Eq. (8).

2) Preset the initial value and the boundary value:

ij> Dij>

p, =0, i=1..,m=-1 j=1.,n-1 (10)

3) Calculate the super-relaxation factor a.
4) Solve the differential equation with the super-relaxation iteration method.
Firstly, write the Eq. (2) into following form:

—— Ai:jﬁi,j+1 + Bi‘fﬁi,j—l + Ci,j5i+1,j + Di,jﬁi—Lj —Fy;
Pij E:, ’ (11)
i=1..m-1, j=1,.,n—1.

Then assign the given value of the boundary conditions to the pressure on the boundary nodes,
and estimate the pressure value of each node in domain as the first approximation Taﬁ)

(i=1,.,m—1,j=1,...,n—1), and calculate line by line according to the order of j =1, 2,
3,..., n. But on each line, the calculation is carried out from the starting side to stop edge, and
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scanning according to the order of i =1, 2, 3,..., m, in order to facilitate them to be incorporated
into the boundary conditions of Reynolds equation. Once the node’s pressure value is calculated
out, and the original pressure value will be replaced by the new pressure value. Until all inner

nodes’ pressure is calculated out, the second approximate distribution 552]') will be obtained. The
second solution is better than the first approximation precision. Then do calculations again from
the starting side to stop edge, get a more accurate approximation for the third distribution ﬁg),

and abort the iterative process. Fig. 2 and Fig. 3 are calculation results of inner oil layer pressure
distribution and outer oil layer pressure distribution respectively.

o
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=
=

o
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o
.
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¥
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Fig. 2. Simulation result for inner oil layer pressure Fig. 3. Simulation result for outer oil layer pressure

According to Fig. 2 and Fig. 3, we can find out that inner oil layer pressure is slightly larger
than outer oil layer pressure. There are two reasons for causing this phenomenon: one is that the
rotating speed of the rotor is higher than the floating and the other reason is that the wedge area
of inner oil layer is smaller than the wedge area of outer oil layer, shown as Fig. 4.

Static equilibrum
position

Fig. 4. Geometric analysis for rotor

Based on the obtained oil layer pressure results, the stiffness coefficients and damping
coefficients can be calculated with the following Egs. (12) to (15). Furthermore, if we connect
inner oil layer spring and outer oil layer spring in series, the supporting spring of the rotor system
could be obtained:

:Z} - f_%% Af Z_Z{—Sizif} Rd¢dz, (12)
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where L is the width of bearings, and A is the integral region for a complete oil film area.
3. FEM model of rotor system

The simplified dynamical model for rotor-bearing system of turbocharger is shown as Fig. 5.
Its core component is double disc and double support. Where o, and o0, are the two centers of
supporting bearings; m, and mg are the lumped masses; m,; and m, are turbine disk mass and
impeller disk mass respectively, m; is the mass of floating-ring; Fy and Fy are the vertical and
horizontal component of oil layer forces respectively.

Impeller disk
Fig. 5. Simplified dynamical model for the rotor-bearing system

The rotor system actually is a continuous distribution of the elastic system, with an infinite
number of degrees of freedom. In order to investigate the vibration characteristics of rotor system,
it is necessary for us to establish the FEM model of the rotor system.

3.1. 3D model of turbine and impeller

Due to the contour’s complexity of the impeller and turbine blade, so the 3D coordinate
measuring instrument was used, and then the 3D CAD software such as UG, CATIA, Pro/E
software were employed to establish the physical model of the turbine blade and impeller vane,
and combined with measured three-dimensional coordinate of the wheel hub and rim lines
simultaneously. After data processing, the three-dimensional model of turbine and impeller was
built by UG software, shown as Fig. 6. Then the model was imported into ANSYS through the
interface of the finite element software and the CAD software, shown as Fig. 7.

3.2. Floating-ring bearings model
The floating-ring bearings of rotor system have the functions of supporting rotor, reducing

vibration and cooling off itself. The oil-layer stiffness and damping change with time, and they
have some influences on the critical rotational speed of the rotor and on the oil film characteristic.
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In the process of modeling, the oil film stiffness only in vertical and horizontal direction was
considered, and the inner oil film stiffness and the outer oil film stiffness were simplified as one
spring. In FEM model, four spring-damping Combinel4 elements were employed. The oil film
stiffness of the floating-ring bearing model is shown as Fig. 8.

a) b)
Fig. 7. 3D model of turbine and impeller with ANSYS

3.3. The rotor system model

During the process of establishing the rotor system model, the rotor system’s structure was
simplified to reduce the meshing difficulties and computing time. The impeller is made of
aluminum alloy material, and its density is 2,680 kg/m3. Poisson’s ratio of this alloy changes little
with temperature, so the approximate takes 0.3 and the elastic modulus E is 69,800 N/mm?. The
turbine needs to endure high temperature, so its structure is made of alloy steel. Its density is
7,730 kg/m>. Poisson’s ratio of this alloy steel takes 0.25 and the elastic modulus E is
188,000 N/mm?. The rotor system was meshed in free-way. The SOLID185 with 8 nodes was
used and the total elements were 135,498. The FEM model of the rotor system is shown as Fig. 9.

Fig. 8. Floating-ring bearing model Fig. 9. FEM model of the rotor system
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4. Simulation on natural modes of the rotor system

Shown as Table 1, the rotor’s working rotational speed and oil film stiffness of floating-ring
bearings were both considered in vibration simulation. The following commonly rotational speeds
of 70,000 rpm, 80,000 rpm, 90,000 rpm, 950,000 rpm, 100,000 rpm, 105,000 rpm and
110,000 rpm were chosen. Then the inner oil-layer stiffness and outer oil-layer stiffness of
floating-ring bearings were calculated with Eq. (12) to Eq. (15). The first 10 modal frequencies of
the rotor system are shown in Table 1. The following Table 2 and Table 3 are the comparison of
the first seven order modal frequencies of the rotor system under different speed conditions. The
second mode to tenth mode are shown from Fig. 10 to Fig. 18.

According to above simulation results, we can find that the lower modes of rotor system are
purely bent vibration and purely torsion vibration. When the modal order increases, its natural
modes become gradually complicated and the higher modes are coupled bending and torsion mode.

Table 1. The modal frequencies of the rotor system at different rotational speed and oil film stiffness

Speed / (10*r-min’") 0 7 8 9 9.5 10 10.5 11
(()111 film stiffness in y 0 15.78 | 18.00 | 2025 | 21.38 | 22.50 | 23.63 | 24.75
irection / (N-mm™")
?11.1 film stiffness in x 0 1132 | 13.74 | 1455 | 1536 | 16.16 | 1697 | 17.78
irection / (N-mm™)
Ist mode / Hz 951 | 5653 | 5954 | 627.0 | 6433 | 659.8 | 676.6 | 693.5
2nd mode / Hz 259.4 | 702.1 | 7438 | 786.7 | 808.4 | 830.1 | 851.7 | 873.2
3rd mode / Hz 4232 | 956.5 | 1017.7 | 1068.1 | 1091.2 | 1113.5 | 1135.1 | 1156.4
4th mode / Hz 780.1 | 1225.6 | 1317.3 | 1384.7 | 1414.8 | 14442 | 1473.6 | 1503.1
5th mode / Hz 863.9 | 1328.4 | 14285 | 1562.5 | 1635.7 | 1771.1 | 1787.9 | 1865.6
6th mode / Hz 1045.9 | 14825 | 1600.2 | 1731.0 | 1799.6 | 1869.7 | 1941.2 | 2013.8
7th mode / Hz 1723.5 | 2933.5 | 2957.5 | 1731.0 | 2999.6 | 3015.4 | 3032.0 | 3049.5
8th mode / Hz 2029.8 | 5133.5 | 5129.2 | 5123.5 | 5120.1 | 5116.5 | 5112.5 | 5108.2
9th mode / Hz 3405.4 | 5460.6 | 5473.5 | 5487.7 | 5495.4 | 5503.3 | 5511.7 | 5520.3
10th mode / Hz 4308.0 | 5833.5 | 5848.1 | 5864.2 | 5872.7 | 5881.8 | 5891.3 | 5901.2

Table 2. Comparison of first seven order modal frequencies
of the rotor system between 80,000 rpm and 90,000 rpm
Mode 1 2 3 4 5 6 7
Natural frequency at 80,000 rmin’!/ Hz 595.4|743.8|1017.7 | 1317.3 | 1428.5 | 1600.2 | 2957.5
Natural frequency at 90,000 rrmin’' / Hz 627.0 | 786.7 | 1068.1 | 1384.7 | 1562.5 | 1731.0 | 2984.8
Relative growth rate / % 5.3 5.8 4.9 5.1 9.4 8.2 -1.0

Table 3. Comparison of first seven order modal frequencies
of the rotor system between 90,000 rpm and 100,000 rpm

Mode 1 2 3 4 5 6 7
Natural frequency at 90,000 rrmin’! / Hz 627.0 | 786.7 | 1068.1 | 1384.7 | 1562.5 | 1731.0 | 2984.8
Natural frequency at 10,0000 rmin’'/ Hz 659.8 [830.1 | 1113.51444.2 | 1771.1 | 1869.7 | 3015.4
Relative growth rate / % 52 | 55 4.3 4.3 13.4 8.0 -1.0
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5. Modal testing analysis

This experiment was designed to use modal testing technology to identify the modal
parameters of the rotor system. In the experiment, the information of rotor system was
synchronously sampled while a pulse force excites rotor system, and then, the vibration response
signals were obtained. The Data Acquisition and Signal Processing System were used, which are
developed by China Orient Institute of Noise and Vibration.

5.1. Measurements points of bench test
Fig. 19 is the photo of turbocharger’s rotor system. According to the characteristic of rotor

structure and allowance position, we make layout of measurement points on the rotor system,
shown as Fig. 20. Totally, 72 measurement points are used.

Fig. 20. The measurement of test point of rotor system

5.2. Experimental setup

The experiment was carried with a method of single-channel signal input, multi-channel signal
output and schematic diagram of test is shown in Fig. 21. As shown in Fig. 22, the experimental
setup includes choosing experimental parameters, setting up measurement points on
turbocharger’s rotor system, choosing acquisition parameters, and so on.
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5.3. Transfer function analysis

In order to know more modal information of rotor system, we get 72 transfer functions in this
experiment. Then add every transfer function curves together and average them to a new total
transfer function curve. The entire transfer function curve of rotor system is shown in Fig. 23.

As the natural frequencies of rotor system are below 12,500 Hz, so the sampling rate was set
as 25,000 Hz. 72 acceleration signals and one force signal were synchronously. The data
acquisition system was DASP 306. The vibration acceleration sensor model is BZ1102, its
frequency response range of 2 Hz-15 kHz, and its sensitivity of 1 PC/ms™.

5.4. Experiment results

The seven order natural frequencies and vibration modes of the rotor system were identified
and are shown in Table 4. The first 2 natural modes are shown in Fig. 24 and Fig. 25. According
to experimental results, the first 3 modes were verified and the relative error between simulation
and modal test is about 10.2 %.

Table 4. Seven order natural frequencies and natural modes of the rotor system

Mode 1 2 3 4 5 6 7
Natural
frequency with | 700.8 1650.8 4900.4 7150.7 8355.5 8953.8 9013.3
experiment / Hz
Natural
frequency with | 780.1 1723.5 4308.0 - - - -
simulation / Hz
Impeller, turbine
;1r1r21pre(1)]tf)rr and rotor shaft | Rotor ;Lr;pf(l)]tzrr Rotor shaft ROtZLShaft Rotor
Mode feature bending. Large shaft bending . , shaft
shaft - . shaft . impeller’s .
. bending at bending . and torsing . bending
bending . bending bending
impeller.

1) As Turbocharger’s working speeds are between 60,000 r/min and 250,000 r/min, the second
mode with 1650.8 Hz will be easily stimulated. So not only does the resonant vibration of the rotor
occur, but also do the oil whip and oil whirl of the floating-ring bearings appear at the speed of
99,048 r/min.

2) As the faults such as crack and wear will affect the stiffness of the rotor system, monitoring
the natural modes of rotor system can help us to know turbocharger’s stability and reliability well
and even forecast the life of the rotor system.

6. Conclusions

The natural modes of a turbocharger’s rotor system were simulated with FEM in this paper.
The conclusions are obtained as following:

1) With the increase of the rotational speed of the rotor, floating-ring bearing stiffness
produced by oil film force is continuously increased, so it strengthens the supporting stiffness of
the entire rotor and increases the rotor natural frequency.
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2) The lower modes of rotor system are purely bent vibration and purely torsion vibration.
When the modal order increases, its vibration modes become gradually complicated and the higher
modes are coupled bending and torsion mode. According to experimental results, the first 3 modes
are verified and the maximum relative error between simulation and modal test is about 10.2 %.

3) According to simulation results with FEM method, it can conclude that the rotor model has
resonance vibration under the working speed, so it is easy to make the turbocharger destroyed by
the rotor vibration.

4) The effect of the across stiffness on the rotor’s floating-ring bearing are not considered in
this simulation, and the data of the bearing stiffness is just obtained by the numerical calculation,
which has not been verified. In addition, the boundary condition of the rotor is different in the
actual instance, for example, the turbine is acted by the exhausted gas from engine and impeller is
also acted by the turbocharged air. So the turbocharger’s rotor actual boundary condition should
be considered for the further vibration mode analysis.

References

[1] LiH. B., Zhou L. L., Shangguan Y. F. Analysis on the vibration modes of the rotor system of the
turbocharger. Proceedings of BIT-TU Berlin Symposium on Turbocharging Technology, 2006,
p. 121-128.

[2] Koutsovasilis P., Driot N, Lu D. X. Quantification of sub-synchronous vibration for turbocharger
rotors with full-floating ring bearings. Achieve of Applied Mechanics, Vol. 85, Issue 4, 2015,
p. 481-502.

[3] Li H. B., Zhou J. W., Sun Z. L. Mechanisms and Controls on Noise and Vibration of Automotive
Turbocharger. China Machine Press, Beijing, 2012.

[4] LiM.,, Li C., Liu X. B. Nonlinear rotor dynamics on turbo expander with unbalanced bearing force
caused by temperature difference. Journal of Vibroengineering, Vol. 17, Issue 1, 2015, p. 33-46.

[5] Brouwer M. D., Sadeghi F., Ashtekar A. Combined Explicit finite and discrete element methods for
rotor bearing dynamic modelling. Trobology Transactions, Vol. 58, Issue 2, 2014, p. 300-315.

[6] Ma H., Li H., Niu H. Q. Numerical and experimental analysis of the first and second mode instability
in a rotor-bearing system. Achieve of Applied Mechanics, Vol. 84, Issue 4, 2014, p. 519-541.

[71  Yue Y. M., Zhang H. T. Dynamic analysis for the rotor of turbocharger. Aviation Manufacture
Technology, Vol. 4, 2004, p. 92-93.

[81 ZhongY.E.,HeY.Z., Wang Z. Dynamic Analysis for the Rotor. Tsinghua University Press, Beijing,
2002.

[9]1 Ying J., Jiao Y. H., Chen Z. B. Nonlinear Transient response of tilting 4 pad bearings-turbocharger
systems. Proceedings of the ASME International Mechanical Engineering Congress and Exposition,
Vol. 4B, 2014.

[10] Huang R., Zhang W. L., Jiang Y. L. Influences of accelerating on dynamic characteristics of a
turbochargers’ ball bearing-rotor system. Journal of Vibration and Shock, Vol. 33, Issue 11, 2014,
p. 136-141.

[11] Li G. J. Research of Dynamics Characteristics and Visualization on Rotor System of Turbocharger.
Master Thesis, Hebei University of Technology, Tianjin, China, 2013.

[12] Li H. L. The critical speed analysis of engine turbocharger based on matrix transfer matrix. Journal of
Hefei University, Vol. 23, Issue 3, 2013.

[13] Ashtekar A., Sadeghi F., Powers G. Experimental investigation of turbocharger rotor bearing system.
Proceedings of the ASME Turbo Expo, Vol. 6, 2011, p. 559-566.

[14] Zhu L., Wei D. G., Shi W. Effects of eccentricity on rotor dynamics characteristic of turbocharger.
Chinese Journal of Automotive Engineering, Vol. 3, Issue 4, 2013, p. 282-286.

N Huibin Li received Ph.D. degree in Engineering Mechanics Department from Tsinghua
University, Beijing, China, in 1999. Now he works at Beijing Institute of Technology. His
current research interests include vibration, acoustics and ergonomics.

3068 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2016, VOL. 18, ISSUE 5. ISSN 1392-8716



2105. VIBRATION MODES OF THE ROTOR SYSTEM OF TURBOCHARGER WITH FLOATING-RING BEARING.
HuIBIN L1, CHENXIA ZHANG, Y UE ZHANG, LEI HOu

Chenxia Zhang received Master’s degree in Department of Transportation Engineering
from Beijing Institute of Technology, Beijing, China, in 2015. Now she is a staff at BAIC
Motor Corporation Ltd. R&D Center. Her current research interests include ergonomics
and vibration.

Yue Zhang received Bachelor’s degree in Department of Transportation Engineering from
Beijing Institute of Technology, Beijing, China, in 2015. Now she is a Master degree
candidate at Beijing Institute of Technology. Her current research interests include
acoustics and control.

Lei Hou received Master’s degree in Department of Vehicle Engineering from Beijing
Institute of Technology, Beijing, China, in 2009. Now she is a staff at FAW Haima
Automobile Company Ltd. Her current research interests include ergonomics and NVH.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2016, VOL. 18, ISSUE 5. ISSN 1392-8716 3069




<<
  /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


