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Abstract 
 
Unit brackets attached on a cross member and subjected to random loads often fail due to self-vibration. To prevent such failures, it is 

necessary to understand the fatigue failure mode and to evaluate the fatigue life using test or analysis techniques. The objective of this 
study is to develop test specifications for components, which are applicable to predict fatigue life at the stage of initial product design, for 
the unit brackets by using a vibration fatigue technique. For this objective, the necessity of a fatigue analysis considering resonant effect 
was reviewed. Also, a series of vibration fatigue analyses were carried out by changing the acceleration’s direction and magnitude. Then, 
a methodology was proposed to determine the optimum vibration fatigue test specification of the component, which gives an equivalent 
failure mode with the vehicle test condition. 
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1. Introduction 

Fatigue is the localized structural damage that occurs when 
a material is subjected to cyclic loading, and fatigue fracture is 
one of the most frequent failure mechanisms in daily life or 
industry. In the automotive industry, it is necessary to evaluate 
fatigue life and to design components with guaranteed durabil-
ity at the stage of initial product design. Automotive structural 
engineers often validate the durability of components with 
component fatigue tests or driving fatigue tests, but the use of 
these evaluation methods may make a timely review of the 
durability difficult due to constraints of time and money. By 
performing virtual fatigue analysis using finite element analy-
sis, the time and money consumed at the stage of development 
of new vehicles can be decreased. Because of this benefit, 
both fatigue tests and virtual fatigue analyses are widely used 
in industry [1].  

Fatigue analysis can be generally categorized into quasi-
static fatigue analysis and resonant fatigue analysis. Quasi-
static fatigue analysis is appropriate to evaluate the durability 
of relatively stiff systems such as suspension arms, and reso-
nant fatigue analysis is suitable to consider the resonant effect 
in cases in which the frequency of excitation loads includes 

the natural frequency of the system. Load time history data are 
generally used for fatigue analysis, but they are not available 
to consider the massive amount of loads or loading cases. Also, 
it is impossible to perform fatigue analysis when loading con-
ditions are presented in the form of PSD (Power Spectral Den-
sity) defined in a frequency domain. In this case, structural 
response of systems can be computed by using transfer func-
tion of target systems and PSD of excitation loads [2-6].  

Meanwhile, unit brackets used to suspend some sensors in 
an arbitrary position are attached on a vehicle frame in a form 
of the cantilever. The acceleration load input at the supported 
position makes the brackets vibrate, and then the brackets 
often fail during driving tests in cases in which the excitation 
frequency includes the natural frequency of the brackets. To 
prevent these failures, various types of vibration fatigue test 
specifications for components specified in ASTM, ISO, KS, 
JIS and so forth are utilized, but those don’t reflect the char-
acteristics of driving test roads or field. Also, previous re-
searches [7-9] have already attempted to establish vibration 
fatigue specifications, but these studies were confined to only 
uniaxial test condition because testing structures at three axes 
simultaneously is not feasible with testing hardware used [10].  

The objective of this study is to develop the vibration fa-
tigue test specification for the component, which is equivalent 
to the vehicle test condition and applicable to predict fatigue 
life at the stage of initial product design, for unit brackets by 
using a vibration fatigue analysis technique. For this objective, 
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the necessity of a fatigue analysis considering resonant effect 
was reviewed. Also, a series of vibration fatigue analyses were 
carried out by changing acceleration, direction and magnitude. 
Then, a methodology to determine the optimum vibration 
fatigue test specification of the component, which gives an 
equivalent failure mode with the driving test condition, was 
proposed.  
 

2. Quasi-static durability analysis 

In order to evaluate the fatigue life of structures, it is neces-
sary to calculate the accurate stress or strain state. Usually, 
stress analysis can be categorized into static response analysis 
and transient response analysis according to types of loads.  

The purpose of a transient response analysis is to compute 
the behavior of a structure subjected to time-varying excitation, 
and structural response is computed by solving a set of cou-
pled equation written as follows: 
 

[ ] ( ) [ ] ( ) [ ] ( ) ( )M x t B x t K x t f t+ + =   (1) 
 
where [M], [B] and [K] are mass, damping and stiffness matri-
ces, respectively, and x (t) and f (t) are displacement and load 
vectors, respectively. When static load is applied, the stiffness 
matrix is only considered without term of velocity and accel-
eration. Quasi-static fatigue analysis is a fatigue life estimation 
method using superposition of static stress obtained by finite 
element analysis and load time history data, and it can be used 
in cases in which the dynamic effect is negligible. 

Fig. 1 [11] is a schematic diagram of a cantilever beam 
structure composed of beam elements with a thickness of 
5mm and two concentrated masses, and the 1st - 3rd natural 
frequencies of the structure are 5.4, 25.1 and 81.7 Hz, respec-
tively. Half-sine waves of 1.0 and 25.1 Hz were input at the 
right end of the structure to calculate the structural behavior so 
that the dynamic effect could be observed. Fig. 2 represents 
the first principle stress in the element, 400 mm from the sup-
ported position. Fig. 2(a) shows that quasi-static analysis and 
transient response analysis results showed a good agreement 
in stress level under the 1.0 Hz half-sine wave. Fig. 2(b) is the 
analysis result calculated under the half-sine wave excitation 
of 2nd natural frequency (25.1 Hz) of the structure, and the 
results showed a big discrepancy with the quasi-static analysis 
result. Therefore, in cases in which the frequency component 
of excitation loads includes the natural frequency of the sys-
tems, the dynamic effect should be considered to evaluate 
accurate structural behavior. The fatigue analysis method for 
considering dynamic effect is briefly described in the follow-
ing chapter. 

In order to carry out quasi-static fatigue analysis, the stress 
or strain is calculated under the unit load, and this is super-
posed with load time history data to obtain stress time history 
data. The stress time history data can be converted to a stress 
range-mean histogram through rainflow cycle counting. Then, 
the damage fraction for each cycle is determined by using a S-

N curve, and fatigue life is finally obtained by calculating the 
cumulative damage fraction. 

It is generally known that fatigue failure happens when the 
summation of the fatigue damage fraction for a structure is 1.0, 
and this is expressed as follows: 
 

1.0i
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∑ ∑   (2) 

 
where Di, ni and Ni are the damage fraction at the stress level 
Si, cycle and fatigue life, respectively. 
 

3. Vibration fatigue analysis 

In cases in which the frequency component of excitation 
loads includes a natural frequency of the structure, the struc-

M=0.6 kg
M=0.1 kg

400 mm
1,000 mm

P(t)
M=0.6 kg

M=0.1 kg
400 mm

1,000 mm

P(t)

 
 
Fig. 1. Schematic diagram of cantilever beam structure with excitation 
load. 
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Fig. 2. Stress analysis results for excitation of (a) 1.0 Hz half-sine 
wave and (b) 25.1 Hz half-sine wave. 
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ture shows dynamic characteristics. The dynamic behavior can 
be expressed in a time domain or a frequency domain, but 
computing dynamic behavior in a time domain is time-
consuming and produces massive result data. On the other 
hand, dynamic behavior in a frequency domain can be calcu-
lated more easily and rapidly by using a transfer function for 
the structure.  

In the motion equation of Eq. (1), if the load vector can be 
expressed in the form of a harmonic function, the displace-
ment vector can be also expressed in the form of a harmonic 
function. These are given by the following equations: 

 
( ) ( ),i t i tf t F e x t X eω ω⋅ ⋅ ⋅ ⋅= ⋅ = ⋅   (3) 

 
where F and X are load and displacement amplitude, respec-
tively.  

By taking the first and second derivatives of Eq. (3) and 
substituting into Eq. (1), the following is obtained: 

 
( ) ( ) ( )X H Fω ω ω= ⋅

 
  (4) 

 
where X (ω) and F (ω) are displacement and load function, 
and H (ω) is linear transfer function as expressed by Eq. (5). 
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 (5) 
 
For vibration fatigue analysis considering resonance, stress 

PSD is used, which is calculated from the superposition of the 
transfer function obtained from the frequency response analy-
sis and the PSD of the excitation load. Many researchers pro-
posed the cycle counting methods from stress PSD [3-5]. Af-
ter the stress cycle counting, the procedure of fatigue life 
evaluation is identical with that of quasi-static fatigue analysis. 
Fig. 3 shows the procedure of vibration fatigue analysis. 
 

4. Determination of optimum vibration fatigue test 
specification for component 

In this chapter, a vibration fatigue analysis technique is ap-
plied to predict the fatigue life of an AHLLD (Auto Head 
Lamp Leveling Device) bracket. The AHLLD bracket is at-
tached on a rear cross member and suspends a sensor, measur-
ing the relative motion between the cross member and the 
lower arm and controlling the aimed direction of the head 
lamp to enhance driving safety. This bracket has failed at 
7,000 km in an X/C (cross country) driving test. Fig. 4(a) 
shows the rear suspension assembly including the AHLLD 
bracket, and Fig. 4(b) shows the failed bracket.  

The component durability of these kinds of unit brackets is 
usually evaluated by using KS/JIS specifications, but those 
don’t reflect the characteristics of driving test roads or field. 
Table 1 shows a fatigue test specification defined with accel-
eration magnitude, excitation frequency and excitation time 
for each x, y and z direction. Although the AHLLD bracket 
satisfied the component fatigue test specification, the bracket 

failed in a driving test as presented in Fig. 4(b), and a number 
of failure cases were reported. Thus, it is necessary to present 
fatigue test specifications for components, taking field condi-
tions into account.  

In this study, a vibration fatigue test specification for the 
AHLLD bracket will be proposed through a series of vibration 
fatigue analyses. 

 

4.1 Determination of analysis method 

In order to determine the fatigue analysis method, a mode 
analysis for the AHLLD bracket was carried out and accelera-
tion data were analyzed. NASTRAN Version 2006 package 
was used for the mode analysis. Fig. 5 shows a finite element 
mesh for the AHLLD bracket, and the finite element mesh 
was constructed by using 3-node element (CTRIA3) and 4-
node element (CQUAD4) with the number of 14,854. The 
auto head lamp leveling sensor was modeled by a concen-
trated mass with mass moment of inertia. The translational 
and rotational D.O.F. (Degree Of Freedom) of the mounting 
point of the bracket was constrained for the mode analysis, 
and the 1st - 5th natural frequencies were presented in Table 2.  

Fig. 6 shows the acceleration time history data measured 
while driving the X/C road, and Fig. 7 is the PSD for the ac-
celeration data, which was obtained from FFT (Fast Fourier 
Transform) for the time history data. It can be known from Fig. 
7 that most of the frequency components were distributed in 
the region below 120 Hz. Thus, the fatigue analysis, which 
can consider the resonant effect, should be performed because 
the excitation frequency includes the first natural frequency of 
the AHLLD bracket. 
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Fig. 3. Procedure of vibration fatigue analysis. 
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Fig. 4. Rear suspension assembly and failed bracket. 
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4.2 Vibration fatigue analysis 

PSD’s loads are required to perform a vibration fatigue 
analysis. To perform FFT for the time history data makes the 
load amplitude at arbitrary frequency averaging so that the 
loads expressed in the form of PSD showed less risk than 
those in the original data. The equivalent amplitude, of which 
damage is identical with that of original amplitudes of load at 
arbitrary frequency, can be determined by using S-N curve 
[12], and then equivalent PSD, representing equal damage, 
can be also determined. In case the equivalent PSD is used for 
fatigue analysis, more useful and accurate results can be ob-
tained. The general PSD obtained by FFT and equivalent PSD 
for vertical direction load in Fig. 6 were plotted in Fig. 8. It 
can be known that the equivalent PSD includes more energy 
than general PSD.  

The transfer function was calculated by the unit load, and 
the transfer function for the hot spot was represented in Fig. 9. 
The vibration fatigue module of the DesignLife Version 5.1 
package was used to predict the fatigue life for the AHLLD 
bracket. The equivalent PSD and transfer function presented 
in Figs. 8 and 9 were used for the fatigue analysis. Fig. 10 
shows contour plots of fatigue damage and the fatigue life was 
presented in Table 3 with that calculated by MSM (Mode 
Superposition Method). The MSM technique estimated the 

tested fatigue life well within the difference of 13%. The vi-
bration fatigue analysis result was compared with the MSM 
fatigue analysis result under the z-direction acceleration load, 
and the estimated result showed a good agreement within 15%. 
Therefore, the validation of vibration fatigue analysis method 
was reviewed. 

 
4.3 Methodology for determination of optimum vibration 

fatigue test specification 

Vibration fatigue tests are generally carried out independ-
ently according to the direction of loads, x, y and z as pre-
sented in Table 1. This condition is different from the real 
loading condition at the driving test so that the failure mode of 
a component test may differ from that of the driving test state. 
Therefore, in this study, a component test mode identical to 
the damage distribution with driving test was determined. 
Because the fatigue life is determined by loads and shape of 
components, it was assumed that the test mode of components 
is the function of direction and magnitude of acceleration.  

In order to determine the optimum acceleration direction, a 
case study was performed by considering the acceleration 
direction in an arbitrary axis. The acceleration of the arbitrary 
axis, was determined by the sum of components of the accel-
eration presented in Fig. 6 in the arbitrary direction, and this is 
represented as follows: 
 

Table 1. Component fatigue test SPEC for AHLLD bracket. 
 

Acceleration 4.4g 6g 
Excitation Frequency 33/63Hz 33/63Hz 

Excitation Time 1Hr (X, Y Axis) 
4Hr (Z Axis) 

300,000 Cycle 
 (X, Y, Z Axis) 

 
Table 2. Natural frequency of AHLLD bracket. 
 

Mode Number Natural Frequency (Hz) 

1 52.2 

2 137.1 

3 283.1 

4 279.3 

5 383.9 

 

x
z

y

154 mm
 

 
Fig. 5. Finite element model for AHLLD bracket (thickness = 2.3 mm).

 
 
Fig. 6. Acceleration time history data. 

 

 
 
Fig. 7. PSD of acceleration. 
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cos , , ,i ia a i x y zθ= =∑
 

 (6) 

 
where ai and cos θi are the acceleration component and direc-
tional cosine for i axis, respectively.  

Through case study with the variation of acceleration direc-
tions, the optimum acceleration direction, which minimizes 
the difference of damage fraction with driving test condition at 
all positions of the bracket, was determined. Table 4 is the 
case study results, which represent the fatigue life at the main 
damaged position shown in Fig. 10. The life ratio indicates the 
ratio of vibration fatigue analysis result to MSM fatigue 
analysis result. In MSM fatigue analysis, the 3-axis accelera-
tion data were used. The SN (Signal-to-Noise) ratio [13], the 
ratio of mean to deviation, was used to find out the optimum 
acceleration direction. The large SN ratio means that the data 
distribution from the average is relatively small. Therefore, the 
direction of θx=55˚, θy=90˚ and θz=35˚ was selected as 
the optimum acceleration direction. 

Acceleration magnitude factor was also used as another pa-
rameter for the case study. When the factor of 0.8 and the 
optimum acceleration direction was used to estimate the fa-
tigue life, the life ratio was predicted as a value of 0.98 close 
to 1.0. As a result, the acceleration magnitude factor of 0.8 
was selected as the optimum acceleration magnitude factor. In 
this study, the acceleration direction was used to minimize the 
variance of damage fraction at all positions of the bracket, and 
the acceleration magnitude was utilized to adjust the mean of 
damage fraction to 1.0. Fig. 11 shows the schematic procedure 
for determination of the optimum acceleration direction and 
magnitude factor for AHLLD bracket. 

Thus, the optimum acceleration direction and magnitude 
were selected, and it is thought that these can be used for a 

Table 3. Fatigue life evaluated by using MSM and vibration fatigue 
technique.  

 
Fatigue Life (km) 

Position 
MSM Fatigue* MSM Fatigue** Vibration Fatigue**

1 6,100 10,620 12,180 

2 31,360 41,340 42,310 

3 40,810 63,100 60,690 

* 3 axes (x, y and z) load  
** z axis load 
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Fig. 8. Equivalent PSD for vertical direction load. 
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Fig. 10. Fatigue damage distribution and main position. 

 
 
Fig. 11. Schematic procedure for determination of optimum test condi-
tion for component. 
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vibration fatigue test specification for the AHLLD bracket. By 
using this methodology to determine the optimum vibration 
fatigue test specification, the component failure mode that 
closely resemble the real failure mode, can be predicted, and 
then the durability of the components will be assured at the 
stage of initial product design. 
 

5. Conclusions 

In this paper, the necessity of the fatigue analysis, consider-
ing resonant effect, was reviewed. Also, the methodology to 
determine the optimum vibration fatigue test specification of a 
component, which gives an equivalent failure mode during 
driving test conditions, was proposed. The key findings and 
results are as follows: 

(1) The component vibration fatigue test specification was 
determined for a auto head lamp leveling device (AHLLD) 
bracket by using vibration fatigue analysis technique. The 
acceleration direction and magnitude factor of the specifica-
tion are θx=55˚, θy=90˚ and θz=35˚ and 0.8, respectively. 
The failure mode of the specification is closely equivalent to 
that of vehicle test condition from the view of the failure loca-
tion and fatigue life. 

(2) The methodology to determine the optimum vibration 
fatigue test specification for components, which gives equiva-
lent failure mode with driving test condition, was proposed by 
considering the direction and magnitude of acceleration. 
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Table 4. Effect of load input direction on fatigue life. 
 

NO. θx  

 (deg) 
θy 

 (deg) 
θz 

 (deg) 
Life Ratio at Posi-

tion 1 
Life Ratio at Posi-

tion 2 
Life Ratio at Posi-

tion 3 Mean Deviation S/N 

1 50 80 40 0.38 0.25 0.27 0.29 4.57×10-3 12.5 

2 50 90 40 0.29 0.22 0.20 0.24 1.56×10-3 15.6 

3 50 100 40 0.31 0.25 0.23 0.26 1.06×10-3 18.0 

4 50 110 40 0.49 0.38 0.37 0.39 5.97×10-3 14.0 

5 55 80 35 0.32 0.24 0.22 0.26 2.20×10-3 14.8 

6 55 90 35 0.25 0.21 0.20 0.22 4.31×10-3 20.5 

7 55 100 35 0.30 0.24 0.23 0.25 1.09×10-3 17.4 

8 55 110 35 0.48 0.37 0.37 0.37 7.00×10-3 13.0 

9 60 80 30 0.36 0.24 0.22 0.27 3.56×10-3 13.1 

10 60 90 30 0.29 0.22 0.21 0.24 1.32×10-3 16.2 

11 60 100 30 0.31 0.25 0.25 0.25 2.26×10-3 14.4 

12 60 110 30 0.50 0.40 0.40 0.39 9.41×10-3 12.1 

 



 S.-I. Moon et al. / Journal of Mechanical Science and Technology 25 (3) (2011) 631~637 637 
 

  

Seong In Moon received his B.S., M.S. 
and Ph. D. degrees in mechanical design 
in 1999, 2001 and 2005, respectively 
from Sungkyunkwan University, Korea. 
He worked for Hyundai Motors as a 
senior researcher from 2005 to 2009. He 
is currently a senior researcher in Korea 
Atomic Energy Research Institute. His 

research interests are durability evaluation of mechanical sys-
tem and nuclear fuel cycle facility design.  
 

Il Je Cho received his B.S. and M.S. 
degrees in nuclear engineering in 1996, 
1998 from Hanyang University, Korea. 
He is currently a senior researcher in 
Korea Atomic Energy Research Institute. 
His research interests are nuclear fuel 
cycle facility design (hot-cell), manage-
ment of spent fuel, and safety issues of 

nuclear fuel cycle. 

David Yoon (aka. Sung Sik Yoon) 
received his B.S from Busan National 
University in 1995. He worked as an 
expert in the Data Acquisition and 
Signal Analysis at a company himself 
and his associates established. He is 
currently runs Famtech, a CAT/CAE 
durability solution provider in Korea, as 

CEO and Director of the Technical Division. 



<<
  /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 0.1000
  /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

  /CreateJDFFile false
  /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


