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Abstract. Face gear dynamics is one of study focuses of face gear drives, and addressed by many
scholars. However, an engagement impact force calculation solution of face gear drives is not to
be constructed, and some design suggestions for face gear drives considered engagement impact
effects are also not to be extracted. Thus, in this study, an engagement impact force calculation
solution of face gear drives is constructed, and a conversion solution between engagement impact
energy and static transmission errors is proposed. Furthermore, based on a four DOF dynamic
model formulated, the dynamic behavior difference of face gear drives between without and with
engagement impacts is simulated, and sensitivity predictions of geometric parameters on
engagement impacts are discussed. According to the limited analytic results in the issue, some
design suggestions for face gear drives associated with lower engagement impacts are obtained.
These contributions should improve the design of face gear drives in the future.
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1. Introduction

A face gear drive with an involute pinion, namely, a kind of intersection gear drives, is
addressed by scholars due to its insensitive characteristics of manufacture and alignment errors
versus spiral bevel gear drives. Face gear drives are suggested to be used in the first stage gear
drives of helicopter main gear boxes according to study achievements of Litven et al. [1-3]. One
of operating characteristics of the first stage gear drives in helicopter main gear boxes is high
rotation speed. Thus, face gear dynamics is a part of researching focuses of face gear drives, and
is discussed by many researchers in the past few years. Li and Huang et al. constructed a
calculation solution of a base parameter, namely mesh stiffness, of face gear dynamics [4]. Hu
and Tang et al. evaluated the impact of mesh stiffness on dynamic behaviors of face gear drives
[5]. Jin and Zhu et al. formulated a non linear face gear dynamic model [6]. Yang and Wang et al.
assessed bifurcation and vibration characteristics with parameter excitations of face gear drives
[7, 8]. Li and Zhu et al. investigated dynamic responses of non orthogonal face gear drives, and
the influence of sliding friction on dynamic behaviors of face gear drives [9, 10]. Zhang and Zhu
et al. studied torsion natural frequencies of face gear split torque transmission systems [11]. Wang
and Zhao et al. discussed load sharing behaviors of face gear split torque transmission systems
[12]. However, according to the limited published issues, calculation solutions of engagement
impact forces of face gear drives are not to be constructed, and sensitivities of geometric
parameters on engagement impacts of face gear drives are not to be investigated. Thus, in this
study, an engagement impact force calculation solution of face gear drives is constructed, and a
conversion solution between engagement impact energy and static transmission errors, meaning,
STE, without an engagement impact damping, is proposed. A four DOF dynamic model is
established, and differences of dynamic mesh forces between without and with engagement
impacts are simulated. Furthermore, sensitivity predictions of geometric parameters on
engagement impacts of face gear drives are investigated. The analytic results indicate some
geometric parameters, such as pressure angles, shaft angles and drive ratios, are taken as bigger
values, the influences of engagement impacts on dynamic behaviors of face gear drives are more
insensitive. These contributions would benefit to improve the design of face gear drives.
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2. Analytic solutions of face gear dynamic behaviors with engagement impacts
2.1. Constructed calculation solutions of engagement impact forces

A face gear tooth can be considered as a sequence in which modified involute gears are
superimposed along its face width, and point contact transmissions are employed in face gear
drives due to offset load reasons. Thus, face gear drives can be equivalent as involute gear drives
in contact viewpoints. The equivalent conversion between face gear drives and involute gear
drives is given in Fig. 1.
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Fig. 1. Equivalent face gear drives

According to the reference [13], engagement impacts of involute gear drives are produced by
the reason of outline mesh, as shown in Fig. 2, which is caused by tooth deformations, and
manufacture and alignment errors.

As illustrated in Fig. 1 and Fig. 2, the caused reason of engagement impacts of face gear drives
can be expressed as the outline mesh of equivalent face gear drives. According to the reference
[13], engagement impact forces of face gear drives can be deduced as:

11 (tana’ — tanas, ) — e
1 — cos |ap; + atan o 1)~ e
Tf1 B.m,

F, = (1+—) , 1
s = W1lp i cosat 4 (1

where w, is a input rotation speed of pinions, 73,4 is a radius of pinion base circles, 75, is a radius
of pinion dedendum circles, i is a drive ratio, &, is a pressure angle of pinion dedendum circles,
a' is a pressure angle of pitch circles, a is a pressure angle of reference circles, e, is a
comprehensive errors of mesh lines, B, is a tooth width of equivalent face gears, and can be
derived by:

1—yg+1—y]§
4FE, TTE
B. = 2min (E) R S )
¢ v/ | n 1.1
T Tr
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where F is a load, y, and yf are Poisson ratios, £, and E¢ are module of elasticity, 7, and 7 are
contact radii, 4 and v are elliptic integral factors. m, is an induced mass of equivalent face gear
drives, and can be written in [15]:

_ Myea1Myredz
m,=————, 3)
Mred1 + Myredz
where subscript 1 and 2 are expressed as pinions and face gears, respectively, and m;.qq41, can be
given in [15]:

J1/2 4@

Myed1/2 = 7.
redi/ b1/27"b1/2,

where J is a rotational inertia, b is an actual tooth width. Symbol g is a flexibility at impact points
of face gear drives. The detail derivations of B, and g, can be obtained in the reference [14] and
[16], respectively.

2.2. Proposed conversion solutions between engagement impact energy and STE

According to the reference [13], engagement impact times are 5 %-10 % of engagement times,
typically. Thus, without instantaneous engagement impact energy loss caused by engagement
impact damping, which can not be predicted, instantaneous engagement impact energy of face
gear drives can be deduced as:

(F;At)?
Es = , 5
S 2m, ®)
where At is a engagement impact time, and can be extracted as:
2
At = (5~10) %. (6)
Z1W1

According to the law of conservation of energy, the instantaneous engagement impact energy
is equal to the instantaneous tooth deformation energy, which can be expressed as:

E; = FADgy, (7

where ADgrg is an extra increase of STE caused by instantaneous engagement impacts, and can
be expressed as:

2[mF,(5~10) %]?
mF(z,w,)?

ADSTE = (8)

Thus, the STE of face gear drives associated with engagement impacts D; can be obtained as:
D; = D¢ + ADgrg, )
where D is a traditional STE, as shown in Fig. 3, and can be deduced as:
Dy =8 — 8, — A, (10)

where & and &,,, which can be calculated by the reference [15], are a face gear tooth deformation
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and a pinion tooth deformation respectively, and A is a mesh error caused by manufacture and
alignment errors.

Under static torques
o)
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The difference between the theoretical and zcmal

contzct points is STE

Fig. 2. Sketch of outline mesh of involute gear drives  Fig. 3. A definition diagram of traditional STE
2.3. Four DOF dynamic model

In order to evaluate the influence of engagement impacts on dynamic behaviors, and discuss
sensitivities of geometric parameters on engagement impacts of face gear drives, a four DOF
dynamic model, namely, bending and torsion coupled dynamic model, of face gear drives is
established, as given in Fig. 4.

0]
7 face geal

Fig. 4. A four-DOF dynamic model of face gear drives
As shown in Fig. 4, mathematic equations of the dynamic model can be derived by:

m,sy + CpSp + kpsy, = —Fy,
mfs}’ + cfs]’r + kesp = By,

1,6 + Fptyp = Ty,
1,6} + Eyr, = =Ty,

(11)

where F,, can be expressed as:
Fy = kysin@)(s, — 55 + 1pp0, — 1.0; — €) + cppsin(y) (s, — ¢+ TppOp — 107 — e'), (12

where 6 is a torsion degree of freedom, s is a bending degree of freedom, T is a torsion, k is a
bending stiffness, ¢ is a bending damping, m is a quality, I is a moment of inertia, () is first
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derivative, (") is second derivative, subscript f and p express a face gear and a pinion
respectively. In addition, k,, is mesh stiffness, c,, is mesh damping, and e is a STE.

3. Simulations and analyses
3.1. Simulation and sensitivity definition

In order to evaluate the influence of engagement impacts on dynamic behaviors of face gear
drives, and define the sensitivity of engagement impacts on dynamic behaviors, geometric
parameters, operating conditions and material characteristics of an example case of face gear
drives are given in Table 1.

Table 1. Parameters of an example case

Names Values | Units

Modulus 3 mm
Pressure angle 25 °
Tooth number of pinions 21 —
Geometric parameters | Tooth number of face gears 103 —
Shaft angle 90 °
Addendum coefficient 1 —
Clearance coefficient 0.25 —

Operating conditions Povxfer 200 kw

Input rotation speed 20900 | r/min

Material characteristics MOduh.lS of ela.sticity 210000 | MPa
Poisson ratio 0.3 -

According to STE definitions, as shown in Fig. 3, and Eq. (10), the STE without engagement
impacts of the example case, which parameters are listed in Table 1, is simulated in Fig. 5(a).
Meanwhile, based on the proposed engagement impact force calculation solution, namely Eq. (1),
and the constructed conversion solution between engagement impact energy and STE, meaning
Eq. (8), the extra increase of STE of the example case is calculated. Then, the calculation result is
introduced into Eq. (9) to achieve the simulation of STE with engagement impacts of the example
case, as shown in Fig. 5(b).
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Fig. 5. STE of the example case

As illustrated in Fig. 5, the STE difference between without and with engagement impacts is
the STE increase at starting engagement points. STE simulation results can be introduced into
dynamic models directly, and effects of engagement impacts on dynamic behaviors can be
reflected by STE differences between without and with engagement impacts. Thus, the dynamic
mesh forces without and with engagement impacts of the example case are simulated, as shown
in Fig. 6, by introducing the results of Fig. 5 into Eq. (11).

In the case of Fig. 6, the dynamic mesh force with engagement impacts is greater than that
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without any impacts. Thus, the sensitivity of engagement impacts on dynamic behaviors can be
defined as the dynamic mesh force amplitude differences between without and with engagement
impacts versus frequencies, which can be expressed as a curve, and the sensitivity curve of the
example case is simulated, as shown in Fig. 7.
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Fig. 8. The sensitivity of module on engagement impacts
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3.2. Analyses and sensitivity predictions

Based on the sensitivity defined, as given in Fig. 7, sensitivity predictions of geometric
parameters on engagement impacts of face gear drives are investigated. In the analysis, the
different geometric parameters of several example cases for sensitivity predictions are listed in
Table 2.

In simulations of sensitivity predictions, the base parameters are employed as listed in Table 1.
The sensitivities of different geometric parameters, namely, module, pressure angles, pinion tooth
numbers, face gear tooth numbers, and shaft angles, on engagement impacts of face gear drives
are simulated and given in Fig. 8 to Fig. 12, respectively.
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Fig. 9. The sensitivity of pressure angles on engagement impacts

As illustrated in Fig. 8, without engagement impact effects, the dynamic mesh forces would
be reduced with the increase of module. However, if engagement impacts were considered, under
a certain operating condition, an optimal modulus, which would make dynamic mesh forces least,
must be existed in the range of modulus designs.

As shown in Fig. 9, whatever without or with engagement impact effects, the dynamic mesh
forces would be reduced with the increase of pressure angles, and the bigger pressure angles are
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more insensitive to engagement impacts of face gear drives.

In the case of Fig. 10, without engagement impact effects, the dynamic mesh forces would be
increased with the increase of pinion tooth numbers. However, if engagement impacts were
considered, the pinion tooth number, which is in the range of 25 to 27, would be the best for
engagement impact effects of face gear drives.

Table 2. Different geometric parameters of several example cases

Names Value 1 | Value 2 | Value 3 | Value 4 | Units
Modulus 3.5 4 4.5 5 mm
Pressure angle 20 22.5 27 29 °
Geometric parameters | Tooth number of pinions 23 25 27 29 -
Tooth number of face gears 95 97 99 101 -
Shaft angle 85 80 75 70 °
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Fig. 10. The sensitivity of pinion tooth numbers on engagement impacts

In Fig. 11, whatever without or with engagement impact effects, the dynamic mesh forces
would be reduced with the increase of face gear tooth numbers, and the greater face gear tooth
numbers are more insensitive to engagement impacts of face gear drives.
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In Fig. 12, whatever without or with engagement impact effects, the dynamic mesh forces
would be reduced with the decrease of shaft angles. However, as for the sensitivity, the shaft angle
as equal to 90° is the best, and the influences of the other values of shaft angles are almost same.
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Fig. 11. The sensitivity of face gear tooth numbers on engagement impacts

4. Conclusions

In the study, an engagement impact force calculation solution of face gear drives is
constructed, and a conversion solution between engagement impact energy and STE is proposed.
Furthermore, the sensitivity of engagement impacts on dynamic behaviors of face gear drives is
defined, and sensitivity predictions of geometric parameters on engagement impacts are discussed.
According to the limited analytic results in this issue, some design suggestions for face gear drives
associated with lower engagement impacts can be extracted as follows:

1) Modulus should be chosen not only by strengths, but should consider engagement impacts
in synchrony;

2) Pressure angles should be as bigger as possible;

3) Pinion tooth numbers should be taken in the range of 25 to 27,

4) Face gear tooth numbers should be as greater as possible;
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5) Shaft angles should be designed as 90° as possible.

These suggestions would be helpful to reduce engagement impacts of face gear drives in design
viewpoints.
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Fig. 12. The sensitivity of shaft angles on engagement impacts

Acknowledgements

The authors are grateful for the financial support provided by the National Natural Science
Foundation of China under No. 51105194 and No. 51375226, and the Fundamental Research
Funds for the Central Universities under No. NS2015049. In addition, the authors declare that
there is no conflict of interests regarding the publication of this article.

References
[1] Litvin F., Bossler R., Chen Y.-J., Zhang Y., Wang J.-C. Design and geometry of face-gear drives.
Journal of Mechanical Design, Vol. 114, Issue 4, 1992, p. 642-647.

[2] Litvin F., Bossler R., Chen Y.-J., Lewicki D., Heath G., Wang J.-C. Application of face-gear drives
in helicopter transmissions. Journal of Mechanical Design, Vol. 116, Issue 3, 1994, p. 672-676.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, IsSUE 5. ISSN 1392-8716 2245



3]
[4]

[3]

6]

(71

8]

191

[10]

(11]

[12]

[13]

[14]

[15]
[16]

2246

1672. SENSITIVITY PREDICTIONS OF GEOMETRIC PARAMETERS ON ENGAGEMENT IMPACTS OF FACE GEAR DRIVES.
ZHENGMINQING LI, RUPENG ZHU

Litvin F. L., Egelja A., Tan J., Chen D., Heath G. Handbook on Face Gear Drives with a Spur
Involute Pinion. DTIC Document, 2000.

Zhengminging L., Peng H., Xiaozhen L. A calculation method of the stiffness of face gear tooth and
analysis of its influence factors. Journal of Chongqing University, Vol. 37, Issue 1, 2014, p. 26-30, (in
Chinese).

Hu Z. H., Tang J. Y., Chen S. Y., Lei D. C. Effect of mesh stiffness on the dynamic response of face
gear transmission system. Journal of Mechanical Design, Vol. 135, Issue 7, 2013, p. 071005.

Jin G., Zhu R., Bao H. Nonlinear dynamical characteristics of face gear transmission system. Journal
of Central South University (Science and Technology), Vol. 5, Issue 41, 2010, p. 1807-1813, (in
Chinese).

Yang Z., Wang S.-M., Fan Y.-S., Liu H.-X. Bifurcation characteristics of face-gear transmission
system. Journal of Harbin Institute of Technology, Vol. 3, Issue 43, 2011, p. 107-110, (in Chinese).
Yang Z., Wang S.-M., Fan Y.-S., Liu H.-X. Vibration characteristics of face-gear transmission
system with parametric excitation. Journal of Chongqing University, Vol. 35, Issue 1, 2011, p. 26-35,
(in Chinese).

Xiaozhen L., Rupeng Z., Zhengminqing L., Guanghu J. Analysis of coupled vibration of face gear
drive with non-orthogonal intersection. Journal of Central South University (Science and Technology),
Vol. 44, Issue 6, 2013, p. 2274-2279, (in Chinese).

Xiaozhen L., Rupeng Z., Zhengminging L., Guanghu J. Influence of frictional coefficient on
vibration characteristic of face gear transmission system. Journal of Vibration Engineering, Vol. 27,
Issue 4, 2014, p. 584-588, (in Chinese).

Zhang L., Ru-Peng Z., Min-Qing L. Z. Research on natural frequency of torsional vibration of
torque-split face gear transmission system. Jiangsu Machine Building and Automation, Vol. 41,
Issue 5, 2012, p. 21-24, (in Chinese).

Wang R., Zhao N., Tao L., Jia Q., Guo H. Floating shaft load sharing method for face gear split
torque transmission system. Research Journal of Applied Sciences, Engineering and Technology,
Vol. 5, Issue 12, 2013, p. 3386-3392.

Wu Bao-Lin, Yang Su-Jun, Yao Jun-Hong Theoretical analysis on meshing impact of involute
gears. Mechanical Science and Technology, Vol. 22, Issue 1, 2003, p. 55-57, (in Chinese).
Zhengminging Li, Hao Wu, Rupeng Zhu Influence predictions of geometric parameters on face gear
strength. Advanced in Mechanical Engineering, Vol. 7, Issue 3, 2015, p. 1-7.

Zhu X., E Z. Analysis of Load Capacity of Gears. Higher Education Press, Beijing, 1992, (in Chinese).
Zhengminging Li, Hongshang Chen, Jiansong Chen, Rupeng Zhu Analytical impact of the sliding
friction on mesh stiffness of spur gear drives based on Ishikawa model. Vibroengineering Procedia,
Vol. 4,2014, p. 29-33.

Zhengminging Li received Ph.D. degree in College of Mechanical and Electrical
Engineering from Nanjing University of Aeronautics and Astronautics, namely NUAA,
Nanjing, China, in 2008. Now he works at NUAA. His current research interests include
gear design, face gear drives, gear dynamics, and active gear dynamic control.

Rupeng Zhu received Ph.D. degree in College of Energy and Power Engineering from
Nanjing University of Aeronautics and Astronautics, namely NUAA, Nanjing, China, in
2000. Now he works at NUAA. His current research interests include mechanical design
and theory, micro structure design, Fretting friction, and shaft-gear transmission system
dynamics.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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


