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Analysis of Reliability Correlation Degree of Rolling Bearings Based on Zero-Failure Data
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Abstract: Modern equipment has higher requirements for the reliability of rolling bearings. The time and economic cost of obtaining bearing failure data through test methods
are getting higher. Usually, truncation time tests of small sample are used to obtain zero-failure data of bearings. Based on the zero-failure data model and multi-layer
Bayesian theory, this paper improves the reliability evaluation method of rolling bearings by changing the values of hyperparameters, and calculates the estimated value of
failure probability at each truncation time to obtain the reliability of the bearing. This paper adopts the theory of grey relational degree to analyze the relationship and change
law of bearing reliability at each truncation time, to understand the reliability change trend of rolling bearing more comprehensively. Experiments show that the method is

reasonable.
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1 INTRODUCTION

Bearing reliability is very high, and the test to study its
reliability is expensive, which takes a long time. It is very
difficult to obtain the failure data of the service process by
means of the full life test of the bearing. Therefore, the
research on the service reliability of rolling bearings is
mainly based on the reliability research of zero- failure data
during the service process of rolling bearings.

In the study on the reliability of the bearing's zero-
failure data, Wang Wei et al. [1] combined the actual
bearing problems in production and used the distribution
curve to analyze the reliability of the bearing's zero-failure
data. Liu Tengteng et al. [2] used the shape and scale
parameters of the Weibull distribution to obtain the
reliability of the bearing for a small sample of zero-failure
data of the bearing. Zhang Wei et al. [3] used sequential
test method to deal with the small sample failure or zero-
failure data of bearing life, which can quickly obtain test
results and greatly improve the efficiency of the test. Dan
Zhaojiang et al. [4] transformed the Weibull distribution
into an exponential distribution, combined with the zero
failure data of the bearing, fitted the probability
distribution of the shape parameter, and obtained the
characteristic life estimation of the Weibull distribution.
Lou Hongliang et al. [S] proposed a method of adding the
zero- failure data of the previous time cut-off point to the
reliability estimation of each truncation time point to form
virtual failure information. In this paper, the characteristic
life and shape parameter estimates obtained by this method
have the smallest fluctuations and have better stability. Xia
Xintao et al. [6] used the zero- failure data to study the
reliability of the bearing, the maximum entropy method for
data processing on the collected zero- failure data, and
established the function of bearing failure to realize the
reliability evaluation of the bearing. Xu Lingtian et al. [7]
studied the performance degradation of the bearing during
the working process. In the absence of information, the
bearing self-sampling of the zero- failure data was carried
out to obtain a large amount of data, and the reliability of
the bearing performance degradation was evaluated. Li
Shuang et al. [8] used Bayesian theory to modify the prior
distribution of failure probability in the case of Weibull
distribution without failure data. The revised failure
probability estimate has strong robustness, and the method

is feasible for bearing test data.

In the research of grey system theory, Xia Xintao et al.
[9] avoided statistical principles and used fuzzy forecasting
technology to study the reliability of bearings. This method
can solve the problem of bearing dynamic performance
prediction with unknown probability under the condition
of less sample data. Wang Yahong et al. [10] simulated the
unknown distribution under the condition of a small
sample, used the intrinsic fusion technology in the lack of
information to analyze the characteristics of the research
object from different aspects. In the analysis process,
varieties of mathematical methods were used to derive the
entire probability distribution. Xu Yongzhi et al. [11] took
the vibration sequence of the bearing as the research object,
and used the qualitative fusion theory in the gray system to
expand the amount of information of the bearing, and more
reasonably infer the factors that affect the reliability of the
bearing.

In the research of bearing gray Correlation degree, Xia
Xintao et al. [12] used the Correlation degree theory to
explore the bearing vibration problem, combed and
summarized the relationship between the various factors
that affect the incidental vibration, and provided a new way
to reduce the working vibration of the bearing. Yang Chao
et al. [13] obtained the data of the entire life cycle of
bearing operation, grouped them, calculated the correlation
between the data of other groups and the first group of data,
and judged the reliability of the bearing according to the
degree of correlation. Meng Zong et al. [14] proposed a
rolling bearing fault diagnosis based on the combination of
local mean decomposition multi-scale fuzzy entropy and
gray similarity correlation. The gray relationship analysis
method is used to analyze the relationship between the
vibration and temperature of the rolling bearing under
different working conditions. The research results provide
a new idea for the analysis of the performance of the
bearing [15]. The reliability analysis of the roughness
influence in bearing processing is very complicated.
According to the difficulty of the analysis, the gray
Correlation degree is used for analysis [16].

At present, the main method for the reliability analysis
of rolling bearings is to study according to statistical
principles, and Bayesian theory is widely used in reliability
evaluation. The maximum entropy theory and fuzzy
technology in grey theory are used more and more in
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reliability assessment. However, there are few pieces of
literature on the reliability evaluation of bearings combined
with Bayesian theory and gray theory. This article is based
on the bearing's zero- failure data to carry out the research,
using the multi-layer Bayesian theory to calculate the
parameter c to take different values, according to the multi-
layer Bayes formula to explore the reliability of the rolling
bearing at each truncation time.

2 ZERO-FAILURE DATA MODEL

As the key supporting component of mechanical
equipment, rolling bearing is the prerequisite to ensure the
normal operation of equipment and mechanical equipment.
The reliability life test for high-reliability products is
generally a timed truncation test. The current test data for
bearing reliability mainly adopts zero-failure data. In the
reliability test, it is assumed that £ sets of timing truncation
tests are performed on the tested bearings, and the sequence
of the truncation moments is # <f, <---<f, , among

t, <ty <---<t, . The number of bearings put into each
group is ny,n,, -+, 1, . After the test, if there is no bearing

failure, the test data is zero- failure data. In order to study
bearing reliability, the number of test bearings must reach
a certain number, and the number of bearings in each group,
the number of groups of test bearings, and the timing of
each group's timing truncation have a certain impact on the
reliability evaluation results. For the above several
influencing parameters, they are mainly combined with the
actual application of the bearing and the requirements for
the reliability of the bearing to make a reasonable plan.

3 RELIABILITY ASSESSMENT METHOD
3.1 Multi-Layer Bayesian Estimation

For the failure probability of the bearing at time # is p;,
the corresponding estimated value is p;, and the prior

density function of the failure probability p; is as follows.

1-p)!

meﬁﬁpimam (1)

Among them, 0 <p;<1,a>0,b >0, a, b are hyper
parameters, and the Beta function is as follows.

B(a,b) = j; 1= de

According to the nature of the failure probability, the
smaller the value of the probability is large, so it should be
a decreasing function. According to the nature of the
derivative, n(p; | a,b)is the decreasing function of p;, the

conditionis 0 <a <1, b >1.

According to Bayesian theory and the nature of Beta
function distribution, comprehensively considering the
robustness of Bayesian estimation, a uniform distribution
is adopted for the distribution of hyper parameters a, b:

m(a)=1 2)

nz(b):i, l<b<c 3)

Hyperparameter c is constant. If it is too large, it will
affect the robustness, so it should not be too large,
generally the most appropriate value in ref. [2, 8, 18]. For
different working environments and working conditions,
analysis and judgments should be made according to the
specific types of rolling bearings.

When a, and b are uniformly distributed according to
Eq. (2) and Eq. (3), the prior density function of failure
probability p; is as follows.

n(p; |b)=b(1-p)’™, 0< p, <1 (4)

According to the above assumptions, under the
squared loss, the multi-level Bayes estimation is as follows.

(s, +DIn Siterl —s;In Site
s;+2 s; +1

Ping = . tc
c—1-s; ln(ij

)

3.2 Correlation Degree Analysis

The gray Correlation degree belongs to the category of
lack of information, which is mainly used to describe the
tightness of the data changes between the reference
sequence and the observation sequence. According to the
similarity of the geometric shape of the curve, it is judged
whether the connection of different sequences is close.

For the two sequences Xy and X;, the length is the same,
and the initial value is not 0.

Xy =(xo(1), x5(2), ..., xy(n))
X;=(x; (D), x;(2), ..r x;(n))

The absolute Correlation degree of the two sequences
is as follows.

L[5 [+]5 |

(6)

En: =
O 1 5o [+ |+ s =5 |

n-1 1 n—1 1
50 = D X ) +—x§ ()|, |, 1= Y 20 (k) + ! (m) |
k=2 2 k=2 2

X', X't are the initial value images of X, and X,
respectively, then the relative degree of association is as
follows.

Lt[sh [+]s5 |

(7

rOi: ’ ' ' ’
L[s'y [+]s5 | +]s5=5%]

Among them,

n—1 n—1
, 1 o ' 1 o
15’ = D x0 ) +=x) (), s 1= D x) (k) +—x) (n) |
k=2 2 k=2 2
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The gray relative correlation describes the change of
the two sequences, mainly reflecting the change rate of
each data relative to the first data at the beginning. If the
change rate of the reference sequence and the observation
sequence relative to their respective starting points are
closer, the gray relative degree of correlation will be greater,
and vice versa, the gray relative degree of correlation
between the two sequences is smaller. The value of gray
relative Correlation degree is between (0, 1]. Since the rate
of change of any two series has a certain relationship, the
value of gray relative Correlation degree cannot be zero.
The gray absolute Correlation degree is mainly to examine
the reference sequence. The problem of the value change
rate of the two series and the observation sequence has
nothing to do with the value of the observation. Similarly,
the value of the gray absolute Correlation degree is
between (0, 1]. Since any two sequences are correlated,
therefore the gray absolute Correlation degree is all greater
than zero. Because the size of the gray absolute Correlation
degree is only related to the geometry of the two sequences,
the reference sequence and the observation sequence are
translated in the coordinate system, and the result will not
affect the gray absolute correlation degree. For some data
in the reference sequence and the observation sequence
under study, some changes have occurred, and the result
will affect the size of the gray absolute Correlation degree.
Therefore, for the two sequences that need to be analyzed
for the Correlation degree, the data variation or the change
of the data length will affect the analysis of the results. The
gray relative Correlation degree and the gray absolute
Correlation degree are integrated as the comprehensive
Correlation degree. Therefore, the size of gray
comprehensive relevance is restricted by two relevance
degrees. The gray comprehensive correlation degree not
only reflects the similar characteristics of the absolute
correlation degree, but also reflects the change rate
characteristics of the relative correlation degree. It can
fully reflect the relationship between the reference
sequence and the observation sequence. If the similarity of
the two sequences is more important, then the value 6
should be selected, which is larger than 0.5. If you are very
concerned about the rate of change of the two sequences
relative to the starting point, then the value 8 should be less
than 0.5. If you value both at the same time, 6 takes 0.5 as
shown in Eq. (8), 8 €[0,1] .

Poi = 0Oeg; +(1=0O)ryy,; ®

3.3 New Method of Bearing Reliability Evaluation

For the zero-failure data of rolling bearings, the
research is carried out according to the multi-layer
Bayesian theory, and the reliability of the rolling bearings
at each truncation time is obtained, and then the reliability
research is carried out according to the related theory of
gray correlation. The bearing test data used in this paper is
zero- failure data. Using the multi-layer Bayesian theory,
according to the different values of parameter c, the
reliability of the rolling bearing at truncation time is
evaluated, and the reliability of the rolling bearing is
calculated according to the multi-layer Bayes. The specific
value is the reliability of the rolling bearing. At this time,

the calculated value is calculated under the condition of
different parameter ¢, which has a good generality. It is
suitable for the evaluation of the reliability of the bearing
under different conditions. The specific evaluation steps
are as follows:

(1) Time truncation test is carried out on the bearing
under study, and zero- failure data is obtained;

(2) The multi-layer Bayesian formula is used to
calculate the zero- failure data, according to the different
values of the parameter c, a series of reliability estimates
can be obtained at each truncation time to form a sequence.

(3) The number of truncation moments determines the
number of sequences. The sequence at the intermediate
moment is used as the reference sequence, and the
remaining sequences are observation sequences. In this
paper, the grey correlation degree is used to analyze and
obtain the changing trend of the reliability evaluation
results of rolling bearings at different truncation moments.

4 NUMERICAL ANALYSIS

In order to obtain the bearing failure-free test data,
according to the data provided in the literature [17], the
bearing is selected as the product of a certain bearing
factory, and the number of samples taken is 20 sets.
Reliability test of timing truncation was carried out on 20
sets of bearings selected at random. During the test, at each
stop time point, the scrolling did not appear to be in a
failure state, and it was able to perform normal work.

Table 1 Bearing timing truncation test data

Truncation Truncation time | Sample size | Total zero-failure
times i t;/h n; Si
1 422 2 20
2 539 4 18
3 602 2 14
4 770 4 12
5 847 4 8
6 924 4 4
6o gﬁﬁzﬂ = t=222]
—#— t=539h
k,A/A/“_’k_/"/A & t=6021
0.9 viF#(_'(r_)('ﬁ_g_,v,—ﬁ_fv;—4—~v—4—f—v it
» —e— t=847h
Lo / =924n
% 0.920
e
T o
0.8
0. 84 T T T T T T T

2 3 4 5 [ 7 b
Parameter c

Figure 1 The relationship between multi-layer Bayesian reliability estimates and
parameter ¢

According to the zero-failure data in Tab. 1, the
reliability estimates calculated by the different parameters
¢ at each truncation time are calculated, as shown in Fig. 1.
According to Fig. 1, it can be seen that the smaller the
truncation time, the reliability estimate is less affected by
the parameter c. As the truncation time increases, the
reliability estimate is more affected by the parameter c. In
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particular, the evaluation results and the two censored
moments ¢ = 847 h and ¢ = 924 h are most affected by the
parameters.

According to the correlation formula, the reliability
estimate calculated by taking the middle truncation time
t = 602 h is the reference sequence, and the reliability
estimates at the remaining truncation time are the
observation sequence for correlation analysis. The
calculated data is shown in Tab. 2. It can be seen from Tab.
2 that at each truncation time, the absolute Correlation
degree of the reliability estimation value of the rolling
bearing is always greater than the relative Correlation
degree, which indicates that the reliability of the rolling
bearing changes consistently during the entire test process,
and the reliability is linear and more obvious. The relative
Correlation degree reflects the linear relationship between
the change of subsequent reliability and the reliability
value of the starting point is weaker than the linear
relationship of the absolute Correlation degree. When the
comprehensive relevance 6 = 0.5 is used, and the absolute
relevance and relative relevance of the rolling bearing
reliability at each truncation time are valued. From the data
in Tab. 2, we can see that the farther away from the
reference sequence ¢ = 602 h, the worse the relevance and
the lower the comprehensive relevance. The order is as
follows, t=770h, t=539 h, t =422 h, t =847, t=924 h.

Table 2 Multi-layer Bayesian reliability grey correlation degree

Truncation time Absolute Relative Comprehensive

t/h relevance relevance relevance
422 0.9857 0.9845 0.9851

539 0.9894 0.9884 0.9889

602 1 1 1

770 0.9921 0.9913 0.9917
847 0.9642 0.9598 0.9620
924 0.9003 0.8846 0.8925

According to the zero-failure data in Tab. 1, the
reliability of each truncation time is calculated by Eq. (5).
According to the method of parameter selection provided
by literature [17], the value of parameter c is 5, as shown
in Tab. 3.

Table 3 Bearing reliability at truncation time

Truncation Truncation time | Sample size Reliability
No./i ti/h n; R
1 422 2 0.9589
2 539 4 0.9552
3 602 2 0.9460
4 770 4 0.9386
5 847 4 0.9183
6 924 4 0.8751

It can be seen from Tab. 3 that the relationship of the
reliability changes of the rolling bearing at each truncation
time is consistent with the change law of Tab. 2. According
to the numerical changes of reliability in Tab. 2, the
reliability continues to decrease with the increase of the
truncation time. According to the data shown in Tab. 3, it
can be seen that the closer the truncation time is to the
truncation time ¢ = 602 h, the closer the absolute
Correlation degree, relative Correlation degree, and
comprehensive Correlation degree of reliability are. The
absolute and relative degree of correlation between the
truncation time ¢ = 770 h and the reference sequence is the
largest.

5 ALGORITHM VERIFICATION

The life of the rolling bearing conforms to the two-
parameter Weibull distribution, and the least square
method has been performed on the data in the literature [18]
to calculate the shape parameter and the scale parameter
m=1.7771, 7=11272, respectively. Therefore, the

reliability point of the rolling bearing at any time ¢ can be
estimated as follows.

R PN
R(t) =exp —(—1 1272) ©)

According to Eq. (5), the estimated value of the
reliability of the bearing at each truncation time in Tab. 1
can be calculated, as shown in Tab. 4.

Table 4 Reliability estimates at truncation time of rolling bearings

Truncation No. | Truncation time . Reliability
. Sample size

/i /h R

1 422 2 0.9971
2 539 4 0.9955
3 602 2 0.9945
4 770 4 0.9936
5 847 4 0.9900
6 924 4 0.9883

This paper takes the third truncation time ¢ = 602 h as
the reference sequence, and the truncation moments with
similar reliability are t = 770 h, + = 539 h, t = 422 h,
t = 847 h, t = 924 h, and the reliability of multi-layer
Bayesian calculations is compared and analyzed by the
gray Correlation degree, and the numerical closeness is
t=T770h,t=539h,t=422h,t=847,t=924 h, respectively.
There is a certain error between the reliability of the multi-
layer Bayesian calculation and the reliability of the least
square method. However, the change rule of the reliability
at each truncation time is consistent with Tab. 3, which
verifies the rationality of the gray Correlation degree in
reliability evaluation.

6 CONCLUSION

(1) The research on reliability mainly adopts Bayesian
theory. When reliability estimation is performed on multi-
layer Bayes, the reliability gradually decreases as the
truncation time increases.

(2) The value of parameter ¢ will affect the evaluation
result of multi-layer Bayesian estimation, and it needs to
be selected reasonably according to actual reliability
requirements.

(3) This paper analyzes the influence of the multi-layer
Bayesian parameter ¢ on the reliability by using the gray
Correlation degree, and we can see the relationship
between the reliability estimates at each censored moment.
The difference is greater between the reference sequence
and the observation sequence corresponding to the rolling
bearing truncation time, the correlation is smaller.

Acknowledgment

The work was supported by the Natural Science
Foundation of Hunan Province of China (2021JJ50054).

Tehnicki viesnik 29, 5(2022), 1478-1482

1481



Qishui YAO et al.: Analysis of Reliability Correlation Degree of Rolling Bearings Based on Zero-Failure Data

7 REFERENCES

[1] Wang, W. & Xia, X. (2006). Application of distribution curve
method in reliability analysis of zero-failure data. Bearing, 3,
20-22+30.

[2] Tengteng, L., Jianting, L., Fengkui, C. et al. (2009).Bayesian
reliability analysis of rolling bearing small sample zero-
failure data. Journal of Henan University of Science and
Technology (Natural Science Edition), 30(06), 20-22.

[3] Zhang, W., Tang, J., & Hu, L. (2010). Evaluation method of
rolling bearing life and reliability test. Bearings, 12, 54-59.

[4] Zhaojiang, D., Hongliang, L., Xinglin, L. et al. (2013).
Reliability estimation of rolling bearings under no failure
data. Bearings, (09), 22-24+29.

[5] Hongliang, L., Lei, C., Xinglin, L. et al. (2015). Reliability
estimation of rolling bearing based on virtual information.
Bearings, (11), 28-31+34.

[6] Xintao, X., Wenhuan, Z., Liming, S. et al. (2016). Reliability
evaluation of zero-failure data for rolling bearings based on
self-service maximum entropy method. Bearings, (07), 32-
36+53.

[7] Lingtian, X., Xuejin, S., Shuang, J. et al. (2020). Reliability
evaluation of non-failure small sample bearings with missing
degradation. Journal of Aeronautics and Dynamics, 35(09),
1977-1987.

[8] Shuang, L., Yunfei, L., & Haijun,G. (2019).An improved
method for estimating failure probability under Weibull
distribution without failure data. Statistics and Decision,
35(24), 9-12.

[9] Xia, X., Chen, X., Zhang, Y. et al.(2007).Fuzzy prediction of
rolling bearing vibration and noise based on lack of
information. Journal of Jilin University (Engineering and
Technology Edition), (06), 1341-1345.

[10] Yahong, W., Xintao, X., & Zhongyu, W. (2008). Intrinsic
fusion technology based on lack of information system.
Journal of Aeronautics and Dynamics, (08), 1432-1437.

[11] Xu, Y. & Xia, X. (2016). Qualitative fusion theory for
analysis of vibration performance factors of rolling bearings.
Bearings, (08), 27-35.

[12] Xia, X., Liu, B., Jiang, S. et al. (2018). Analysis of
influencing factors of tapered roller bearing vibration based
on lack of information. Mechanical Transmission, 42(02),
114-119.

[13] Yang, C., Yang, X., & Li, L. (2019). Forecast of bearing
performance degradation trend based on gray correlation and
ELM. Modular Machine Tool and Automatic Processing
Technology, (11), 105-108.

[14] Meng, Z., Zhao, D., Li, J. et al. (2018).Rolling bearing fault
diagnosis based on local mean decomposition multi-scale
fuzzy entropy and gray similarity correlation degree. Acta
Metrology, 39(02), 231-236.

[15]Li, H. J., Hu, W., Li, C. B. et al. (2019). Review on grey
relation applied in image sparse representation. Journal of
Grey System, 31(1), 52-65.

[16] Deng, J. (1989). Introduction to Grey System Theory. The
Journal of Grey System, 1(1), 1-24.

[17] Zhang, L. & Chen, M. (2001). A new method of Bayes
reliability analysis of no-failure data. System Engineering
and Electronic Technology, (12), 107-109.

[18] He, W. & Tang, J. (2020).Comprehensive Bayes confidence
reliability evaluation model based on Weibull-type fault-free
data. Mechanical Strength, 42(03), 610-616.

Contact information:

Qishui YAO
School of Mechanical Engineering,
Hunan University of Technology, Zhuzhou 412007, China

Guo LIU

School of Mechanical Engineering,

Hunan University of Technology, Zhuzhou 412007, China

Hunan Automobile Engineering Vocational College, Zhuzhou 412001, China

Shuaishuai BIE
School of Mechanical Engineering,
Hunan University of Technology, Zhuzhou 412007, China

Jianghong YU

(Corresponding author)

School of Mechanical Engineering,

Hunan University of Technology, Zhuzhou 412007, China
E-mail: hutyjh@hut.edu.cn

1482

Technical Gazette 29, 5(2022), 1478-1482




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


