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Abstract

The present paper focuses on the simulation of the non-stationary load histories of engineering vehicles for fatigue tests. For the first
time, the characteristics of the service loads experienced by engineering vehicles are described. Then rainflow data-reduction contributing
to reduce the testing time and extrapolation of each operating section to generate the unavailable extreme loads in a limit test are carried
out. Finally, based on the simulated load history of each operating section using Markov chain Monte Carlo method (MCMC) and the
corresponding simulation length generated by the Monte Carlo method, a cyclic simulation approach is proposed to generate non-
stationary load histories, by which the cyclic characteristic can be reconstructed well. The results of comparison between the observed

and simulated load histories show good agreement.
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1. Introduction

Engineering vehicles are engineering construction machines
which are used widely in the field of construction, water con-
servancy, electrical applications, roadwork, mining and port
construction. Due to the harsh environments and bumpy roads
they experience, their components are often subjected to com-
plicated random loads which lead to frequent fatigue failures.
Therefore, the accuracy of fatigue life predictions is vital to
the components of engineering vehicles.

In the design stage, the Palmgren-Miner linear accumula-
tion damage rule, the S-N curve relative to material perform-
ance, and rainflow cycles defined by rainflow counting algo-
rithm are generally used for fatigue life predictions. Although
this is a simple and effective method, the accuracy of the ap-
proach is quite low [1]. Further, to finally evaluate fatigue life
and study the fatigue processes under stochastic load in gen-
eral, it is desirable to be able to perform fatigue tests with load
histories generated by simulation approaches.

The approaches found in literatures include the Markov
chain Monte Carlo (MCMC) method [2, 3] and the rainflow
reconstruction technique [4, 5]. The latter incorporates the
auto-regressive moving average method [6]. Recently, the
neural network approach [7], wavelet-based method [8, 9] and
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continuous model updating approach based on real-time moni-
toring data [10] have been proposed.

For engineering vehicles, the cyclic operation is so obvious
that the service loads imposed on their components must re-
flect this feature. That is, the overall measured load history is
non-stationary and each operating section is stationary. In
other words, the non-stationary load histories consist of a se-
quence of stationary load sections. When simulating this sort
of load histories, two issues need to be solved. First, the ob-
served load history alternates in turn in each operating section,
and the change sequence is fixed. Therefore, the generation of
non-stationary load histories that reflect this alternately chang-
ing sequence needs to be addressed. Second, most simulation
approaches cannot generate the extreme loads which could not
be obtained in a limit test, and these extreme loads cause sub-
stantial damage of components, which has a great effect on the
final determination of fatigue damage [11]. Therefore, it is
desirable to extrapolate the observed load history to obtain
these extreme loads before simulation.

In view of the two issues aforementioned, a simulation ap-
proach is proposed for the generation of the non-stationary
load histories of engineering vehicles. The actual data is the
observed load history measured at the hydraulic cylinder of a
wheel loader. Primary focus is placed on the rainflow data-
reduction in order to delete the small cycles that have no effect
on damage accumulation. Extreme loads extrapolation is then
carried out for each operating section. Further, a cyclic simula-
tion approach is proposed in which each operating section is
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Fig. 1. (a) Cyclic operation of a wheel loader; (b) Observed load his-
tory measured at the hydraulic cylinder of a wheel loader.

simulated by MCMC simulation, and the corresponding simu-
lation length of time variable 7 is generated by Monte Carlo
method. Finally, a comparative analysis of the simulated and
observed load histories is carried out to demonstrate the effi-
ciency and reliability of the proposed approach. The statistical
analysis and simulation have been performed with the help of
the WAFO-version 2.5, a free MATLAB toolbox.

2. Characteristics of the service loads experienced by
engineering vehicles

Fatigue is a major source of degradation in structural integ-
rity of engineering structures subjected to random loads. In
most case, these random loads are also non-stationary. Espe-
cially for engineering vehicles, this case is attributed mainly to
the fact that they have an obvious operational feature called
cyclic operation, and the changing regularity of service loads
must reflect this feature.

In the current work, the wheel loader is taken as a typical
example to illustrate the operational feature of engineering
vehicles and the corresponding load characteristics. The wheel
loader is a large engineering vehicle used primarily for load-
ing and unloading bulk materials, and it has some fixed oper-
ating patterns such as loading and unloading, spading, leveling
off, pushing the material, and traction. In practice, the V-type
operating scheme is used widely in the experimental meas-
urement of service loads [12], as exemplified in Fig. 1(a).
Herein, the so-called cyclic operation mainly means that the
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wheel loader works from the S1 to S4 operating sections (one
operating cycle) and loops in turn [13]. As a result, as shown
in Fig. 1(b), the actual measured load history obtained through
the V-type operating scheme has a cyclic characteristic among
each operating section as well. It is clearly seen that the whole
measured load history is non-stationary and each operating
section is stationary with its own mean and variance. In the
following, the observed load history measured at the hydraulic
cylinder of a wheel loader is used to demonstrate the valida-
tion and reliability of the proposed approach.

3. Methods

A number of probabilistic and statistical methods including
rainflow data-reduction, extreme value extrapolation, MCMC
simulation, and Monte Carlo method are used to generate the
non-stationary load histories of engineering vehicles that re-
flect the cyclic characteristic among each operating section
and can be used for practical experiments. The generation
process can be represented schematically by a block diagram
as shown in Fig. 2.

3.1 Rainflow data-reduction and extraction of each operat-
ing section

It is well known, both from practical experience and theo-
retical reasoning, that data-reduction in fatigue analysis is an
intelligent filtering of the relevant information by removing
the immense mass of data which have no effect on damage
accumulation. On one hand, it is conducive to conduct fatigue
life prediction and generate load history for fatigue test more
conveniently and effectively. On the other hand, it is desirable
that manipulations like superposition and extrapolation can be
preformed directly on the reduced data-sets. After the data-
reduction, we can efficiently reconstruct a load history which
is useful in accelerating a test. Hence it is essential that a load
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Fig. 3. Before and after graph of rainflow data-reduction: (a) observed
load history measured at the hydraulic cylinder of a wheel loader with
120 operating cycles; (b) load history after rainflow data-reduction.

history must be data-reduced before a new random load his-
tory can be generated.

Rainflow data-reduction is an efficient method which in-
volves removing cycles with amplitudes smaller than a given
threshold range from the actual data [14]. In present paper, the
data is the observed load history measured at the hydraulic
cylinder of a wheel loader as shown in Fig. 3(a). The observed
load history contained 120 operating cycles with 9389 turning
points (TPs). We select 0.5 amplitude range as a threshold
range of the cycles. After rainflow data-reduction, the number
of TPs was reduced obviously to 3300, as shown in Fig. 3(b).
Because of relatively smooth movement in the full load trans-
porting S2 and no load transporting S4, the amplitudes of most
cycles are smaller than 0.5 amplitude range. As a result, there
are 5068 TPs have been removed in this two sections that
account for 83.2% of all the removed TPs.

As mentioned in Section 2, the overall measured load his-
tory is non-stationary and each operating section is stationary.
For the non-stationary load history, as the statistics of load
histories are not constant with respect to time, statistical meth-
ods relative to random loads like rainflow counting and ex-
treme value extrapolation cannot be applied. However, each
operating section is stationary with its own mean and variance
[13, 15]. Therefore, each stationary operating section can be
extracted from the load history after rainflow data-reduction
and then statistical treatments for each operating section can
be performed. As shown in Fig. 4, it can be clearly seen that
each operating section (S1, S2, S3, S4) extracted from the load
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Fig. 4. Each operating section extracted from the load history after
rainflow data-reduction.
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Fig. 5. Schematic diagram of POT extrapolation.

history after rainflow data-reduction is stationary.

3.2 Extreme loads extrapolation

Extreme loads occur rarely in engineering vehicles, they
could not be obtained in a limit test. As is known, the extreme
loads cause substantial damage of components and have a
great effect on the final determination of fatigue damage.
Therefore, the extreme loads should be taken into considera-
tion in the simulation process. Generally, statistical approach
is used to describe the occurrence probability of the extreme
values of measured loads. To estimate the extreme values, the
peak over threshold (POT) method is adopted in the present
paper.

The schematic diagram of POT extrapolation is shown in
Fig. 5. The black line is the observed signal and the blue line
is the extrapolated extreme value. The horizontal dashed lines
represent the defined threshold levels « . Then the TPs are
extracted from the load history and those TPs above the high
threshold level u,, (below the low threshold level u, . ) are
taken as the extreme values to extrapolate the amplitudes ran-
domly from a distributional model. A suitable approximate
distributions for modeling the excesses z, =x, —u € Dis(m),

1< . Lo
where m =—ZZI is the mean excesses over u , which is
noio
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Fig. 7. Extrapolated load histories of each operating section.

the so-called threshold stable distributions of the Generalized
Pareto Distribution (GPD) with cumulative distribution func-
tion F(z) [I1,16].

1

F(z):l—(1+7;z)7 M

where o is the scale parameter, and y is the shape parame-
ter.

Mathematically, extreme value approximations are formu-
lated as asymptotic results. In actual, the exponential distribu-
tion of excesses is equivalent to modeling the global maxi-
mum as a GPD, which works well in many applications [11].

F(z)zl_exp[_i]

m

@

There is no standard choice of the threshold u , which
should be selected based on engineering experience. At pre-

sent, a default choice of exceedance number k& that works
well in many cases is k =./N, , where N, is the number of

cycles of the load history

[11].

According to the above theory, the threshold u of each
operating section is estimated as shown in Fig. 6, where the
observations follow approximately the straight line so that the
agreement is good. Further, as shown in Fig. 7, the load histo-
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or below

‘max

ries of each operating section above threshold u
the threshold u,_, are extrapolated to random values accord-
ing to the estimated exponential distributions using the POT
method.

3.3 MCMC simulation

MCMC simulation is a method that involves the use of ran-
dom numbers to obtain data series with given probability dis-
tributions based on Markov chain. Therefore, at first, the
Markov chain model of each operating section after extrapola-
tion must be established.

In a realistic loading history, the load at a certain time in-
stant is random, and the load or load range at a adjacent time
instants may also be correlated; this can be modeled as a dis-
crete time Markov chain {X,}, where an ordered sequence of
random loads observed at discrete time instants {¢ =¢,,¢,---¢,}
has a finite set of discrete levels {u=u,,u,---u,} , called
states. For a Markov chain {X,}, the value X, =u,, at
future time ¢,,, depends only on the value X, =u, at pre-
sent time ¢, , but is unrelated to the past values; that is,

P{Xk+1 Uy

X =u,X,=u,,, X, =uk}

&)
= P{Xkﬂ = Z’lk+l

Xk:uk},

Note that the fatigue load history is a series of TPs, that is,
formed by minimum-maximum-minimum... and so on.
Therefore, the sequence of TPs is denoted by process {X™},
that is,

where X,, is a minimum at time ¢, and X, 1is a
maximum at time ¢,,,, [17].

The evolution of the Markov chain is then described com-
pletely by its transition probabilities B, :

py=PX, :”/|X:A:”,}' )

The set of its transition probabilities can be arranged into
the following matrix:

P=(p,) ., with) p,=1. (6)
j=1
The vector 7 =(r;);_, is called a stationary distribution of
{X,}, given by a unique solution to the equation system:

r=zr )

Zﬂiil.

i=1

The main steps of MCMC simulation can be summarized as
follows:

First, the Markov chain model is established, and the transi-
tion probability matrix is calculated.

Second, the cumulative probability transition matrix P,

cum
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Fig. 8. Simulated load histories of each operating section compared
with the observed load histories.

is calculated from the following formula:

J
Rum,ij = zpil (8)
1=1
where eachrow i of P, corresponds to the discrete cumu-
lative distribution function for the next transition.

Third, given an initial state i simulated from stationary
distribution 7 , to sample the next state, a random value be-
tween 0 and 1 is generated using a uniform random number
generator. This random value is then compared with the ele-
ments of the ith row of the P, matrix. Assuming this
number falls between elements j—1 and j, state ;j is
chosen as the next state.

Fourth, the actual load inside state j can be obtained us-
ing the following relation:

X=X, +r(X,-X,) )

where X, and X, , are the load boundaries of state ;,
and r is the uniform random number.

Given the observed load histories of each operating section
shown on the left side of each picture in Fig. 8, the corre-
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Fig. 9. PDF of the time variable T of each operating section.

sponding simulated load histories are shown on right side of
Fig. 8. One can see that good agreement is obtained by
MCMC simulation method.

In the following cyclic simulation process, we will take 50-
fold extrapolated load histories of each operating section as
the input data of simulation. In this way, the information of the
extrapolated load history can be presented sufficiently.

3.4 Probability density functions (PDF) of the time variable
T of each operating section

For the sake of cyclic simulation of the overall non-
stationary load history, the simulation length 7 of each op-
erating section must be investigated. It should be mentioned
that the simulation length 7 is a variable that distributes in a
certain range. In this section, the PDF of each time variable
(namely 7,, T,, T,, and T,) is obtained using statistical
methods. The basm steps are as follows:

(1) Extract the time data of each operating section from ob-
served non-stationary load history.

(2) Obtain the histogram of each time variable from the
time data.

(3) Obtain the PDF by means of histogram fitting.

Fig. 9 depicts the PDFs of T,,7,,T;,7, belonging to each
operating section as well as the corresponding histograms.
They all follow logarithmic normal distributions, the esti-
mated parameters are shown in Table 1.

3.5 Cyclic simulation of the overall load history

With the simulated load histories of each operating section
and the PDFs of time variable T , the overall load history can
be generated by a cyclic simulation method. That is, the se-
quence of simulation is in accordance with S1-S2-S3-S4-S1-
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Fig. 11. Simulated results: (a) observed load history with 5 operating
cycles and the corresponding simulated load history; (b) simulated load
history with 120 operating cycles.

S2-S3-S4-..., and loops in turn. The simulation length 7 of
each operating section can be generated stochastically by
Monte Carlo method. For didactic reasons, the directed graph
of cyclic simulation is shown in Fig. 10.

Monte Carlo is a kind of numerical simulation which re-
quires some specified probability distribution for uncertain
variables before simulation. The PDFs of the time variable T
of each operating section regarded as input quantities are
given in Section 3.4. Therefore, the time series of each operat-
ing section can be produced by the Monte Carlo method.

In Fig. 11, the simulated load histories with 5 operating cy-
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Table 1. Statistical characteristics of the observed and simulated load
histories.

Data Cycles (111/[/[;};) (l\l\fli:;) (I;\/I/Ielf; S.D. (l;/[l\g;
Observed | 1650 | 24.8139 | 2.8750 {10.8107| 4.8037 | 11.8296
Simulated | 1641 | 25.1279 | 2.7446 |10.5477| 5.0187 | 10.5214
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Fig. 12. Histograms of amplitudes from the rainflow matrixes of the
observed and simulated load histories.

cles and 120 operating cycles are given. From Fig. 11(a), it
can be seen that the cyclic characteristic can be reconstructed
well. It can be seen in Fig. 12 that the histogram of amplitudes
from a rainflow matrix of the simulated load history (see Fig.
11(b)) fits that of the observed load history (see Fig. 3(b)) very
well.

The statistical characteristics of observed and simulated
load histories are listed in Table 2. The statistical characteris-
tics of simulations adequately match that of the observed load
history. As is shown, due to the simulation after extrapolating
extreme loads of each operating section, the max of the simu-
lated load history is larger than that of the observed, and the
min of the simulated load history is smaller than that of the
observed. Besides, as shown in Fig. 13, by comparing the
mean, standard deviation (S.D.) and root mean square (RMS)
of each 10 operating cycles between the observed and simu-
lated load histories, we find that the statistical characteristics
of simulations match that of the observed load history in dy-
namic process as well.

4. Conclusions

In the current paper, non-stationary load histories of engi-
neering vehicles are generated by a newly proposed cyclic
simulation approach. Additionally, the extrapolation of ex-
treme values is added into the simulation process, taking into
consideration the extreme loads which could not be obtained
in a limit test. The applicability of the newly approach is as-
sessed on the observed load history measured at the hydraulic
cylinder of a wheel loader, which is a typical example of engi-
neering vehicles. Good agreement between the observed and
simulated load histories is achieved, and the cyclic characteris-
tic is reconstructed well (see Fig. 11(a)). From comparative
analysis of the observed and simulated load histories (see Ta-
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Fig. 13. Statistical characteristics of observed and simulated load histo-
ries in dynamic process.

ble 2, Fig. 12 and Fig. 13), we can draw the conclusion that
they have near-identical statistical characteristics, which can
in turn indicate that the proposed method can serve as a tool to
generate analogous non-stationary load histories in engineer-
ing vehicles. Due to adding the extrapolation of extreme val-
ues into the simulation process, the extreme loads can be
simulated approximately, which make the simulation results
closer to the real condition.

Acknowledgment

The work is supported by National Natural Science Founda-
tion of China (Grant No. 50805065 and 51075179), National
Potential Petroleum Resource (exploration, development and
utilization of oil shale) cooperation innovation projects of
Production-Teaching-Research (OSP-06) and Fundamental
Research Funds of Jilin University, China (Scientific Frontier
and Interdisciplinary Innovation Project, 201103116), and we
also thank Technology Center of Guangxi Liugong Machinery
Co., Ltd., Liuzhou, China, for providing places to finish the
fielding test.

References

[1] J.J. Xiong and R. A. Shenoi, A load history generation ap-
proach for full-scale accelerated fatigue tests, Engineering
Fracture Mechanics, 75 (10) (2008) 3226-3243.

[2] G. Papaefthymiou and B. Klockl, MCMC for wind power
simulation, leee Transactions on Energy Conversion, 23 (1)
(2008) 234-240.

[3] R. Goié¢, J. Krstulovi¢ and D. Jakus, Simulation of aggregate
wind farm short-term production variations, Renewable En-
ergy, 35 (11) (2010) 2602-2609.

[4] Dressler, M. Hack and W. Kriiger, Stochastic reconstruction
of loading histories from a rainflow matrix, ZAMM - Journal
of Applied Mathematics and Mechanics, 77 (3) (1997) 217-
226.

[5] A. K. Khosrovaneh and N. E. Dowling, Fatigue loading
history reconstruction based on the rainflow technique, /n-
ternational Journal of Fatigue, 12 (2) (1990) 99-106.

[6] L. Kamal and Y. Z. Jafri, Time series models to simulate and
forecast hourly averaged wind speed in Quetta, Solar Energy,



1554 J. Wang et al. / Journal of Mechanical Science and Technology 26 (5) (2012) 1547~1554

Pakistan, 61 (1) (1997) 23-32.

[7] J. Klemenc and M. Fajdiga, A neural network approach to
the simulation of load histories by considering the influence
of a sequence of rainflow load cycles, International Journal
of Fatigue, 24 (11) (2002) 1109-1125.

[8] T. Kitagawa, A wavelet-based method to generate artificial
wind fluctuation data, Journal of Wind Engineering and In-
dustrial Aerodynamics, 91 (7) (2003) 943-964.

[9] M. Bayazit and H. Aksoy, Using wavelets for data genera-
tion, Journal of Applied Statistics, 28 (2) (2001) 157-166.
[10] Y. Ling, C. Shantz and S. Mahadevan et al., Stochastic
prediction of fatigue loading using real-time monitoring data,

International Journal of Fatigue, 33 (7) (2011) 868-879.

[11] P. Johannesson, Extrapolation of load histories and spectra,
Fatigue & Fracture of Engineering Materials & Structures,
29 (3) (2006) 201-207.

[12] S. Sarata, Y. Weeramhaeng and A. Horiguchi et al., V
shape path generation for loading operation by wheel loader,
Field and Service Robotics, 25 (2006) 591-602.

[13] Y. L. Liang, Compiling method of load spectra and signal
reconstruction in time-domain for hydraulic cylinders of
wheel loader, Master degree thesis: Jilin University, China,
2011.

[14] K. L. Singh and D. V. Venkatasubramanyam, Techniques
to generate and optimize the load spectra for an aircraft,

International Journal of Mechanics and Materials in Design,
6 (1) (2010) 63-72.

[15] J. X. Wang, Y. L. Liang and Z. Y. Wang et al., Test and
compilation of load spectrum of hydraulic cylinder for
earthmoving machinery, Advanced Science Letters, 4 (6-7)
(2011) 2022-2026.

[16] M. Carboni, A. Cerrini and P. Johannesson et al., Load
spectra analysis and reconstruction for hydraulic pump com-
ponents, Fatigue & Fracture of Engineering Materials &
Structures, 31 (3-4) (2008) 251-261.

[17] P. Johannesson, Rainflow analysis of switching markov
loads. Ph.D. thesis: Lund Institute of Technology, Sweden,
1999.

Jixin Wang, born in 1975, is currently
an associate professor in College of
Mechanical Science and Engineering,
; Jilin University, China. He received his
— Ph.D degree from Jilin University,
China, in 2006. His research interests
include durability analysis, advanced
powertrain dynamics and vehicle safety
technology.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages 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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


