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Draglines are bulky and expensive machines widely
utilized in opencast mines for overburden stripping.
Due to tedious working conditions, a variety of fatigue
failures in dragline components are common. Bucket
is one of the main components of dragline, and it is a
source of external load on the machinery than its
interaction through broken rock material directly.
Hence, dragline buckets are the most vulnerable
components of wear, tear and related failures. This
article analyses the von Mises stresses using the finite
element method (FEM) under the static and dynamic
loading conditions. In this study, the three-dimen-
sional solid bucket models were developed in AUTO
CAD and were investigated for stress, deformation,
and safety factor on the dragline bucket under static
and dynamic loading conditions using the ANSYS 18
software. FEM outcomes have been highlighted from
teeth, the arc of anchors and hitch elements have a
maximum value of stress and a minimum value of
safety factor under various loading conditions. The
purpose of this study was to prognosticate the bucket
failure, the strength of bucket teeth and identify the
sensitive areas of the dragline bucket.
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DRAGLINES are used to remove the overburden (up to
50 m depth) and expose the minerals in a surface mine.
Generally, draglines are more than 4000 tonne in mass,
with bucket sizes from 24 m’ to 120 m’. The principal
cost of a 62 m’ of bucket capacity of dragline is Rs 500
crore approximately. A dragline arrangement contains a
big bucket which is suspended from a boom by wire
ropes. The hoist rope is generally powered by big electric
motors or diesel; the bucket and hoist-coupler are
supported by the boom. The drag rope is used to pull the
bucket assembly horizontally'. By skilful manoeuvre of
the hoist and the drag ropes, the bucket is controlled for
several operations. A dragline bucket schematic diagram
system is shown in Figure 1. The bucket is an important
part of a dragline. The capital cost of a 62 m’ bucket size
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is around Rs 13 crore approximately. It has been observed
that operational and resultant stress differences are
essential issues that cause unstable stress to damage the
dragline bucket and its operational life’.

This analysis includes the examination and understand-
ing of the stress distribution and safety factor of a drag-
line bucket body under various loading and working
conditions. For examining all the critical parameters, the
numerical modelling technique was used.

Static and dynamic loading conditions

This study has been conducted under two conditions. One
is static, and the other is dynamic loading conditions. In
the static loading condition, only bucket payload (mass of
loaded material) is considered without considering any
bucket movement. The FEA model simulates the forma-
tion cutting process in sub-layers for various geometries.
Velocity, displacement and resistive forces are essentially
considered in dynamic loading conditions.

Finite element analysis (FEA) is always used for analy-
sis and simulation under different loading conditions of
the dragline. In the cutting process of a sub formation
with several geometries to simulate with an FEA model®.
Studies on the soil-blade contact, based on predefined
horizontal and vertical failure surfaces to examine the
nature of the soil-blade interface of three-dimensional
(3D) finite element method (FEM) were carried out’. The
effect of blade cutting force on the bucket width and lat-
eral boundaries was estimated. The study also aimed to
develop a numerical method and find the static equili-
brium position of a predictable dragline digging system,
with the static position of the bucket, and internal loading
acting on an element of the excavation system®. DEM
method is used for modelling of bucket filling in a com-
plicated granular flow>°. The components of the excava-
tor were studied to identify the problems faced while
performing the lifting and digging operation’. Further, to
find the stresses at the tip of bucket teeth, the bucket was
designed in such a way that the force applied on the tips
of its teeth is in static loading condition®. Abacus soft-
ware was used to create a 3D model of the dragline
bucket and determine the stresses’. The penetration
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mechanism of walking dragline buckets was studied and
analysed’.

Methodology
Numerical modelling

For calculating the strength of the structures working
under known boundary and loading conditions, finite
element analysis is the most significant method. The
FEM analysis of any structural element helps in forecast-
ing the structural mass and design, when subjected to
stress conditions'.

FEM is an efficient numerical method'’. It is used for
simulation and analysis. FEMs are used in the design
development and optimization of mechanical parts. The
simulation results include deformation, equivalent stress,
safety factor and fatigue life under different loading con-
ditions. For estimating equivalent stress, the von Mises
theory has been used. Von Mises stresses are safe and
effective for design engineers. An engineer can predict
the failure of machine design if the von Mises stress
value induced in the material is greater than the strength
of the material as shown in eq. (1). It suits well in most
cases, especially in ductile materials'
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Schematic diagram of a bucket'.

where oy, 0 and o3 are principal stresses, S, the yield
strength and N is the safety factor.

Dragline bucket geometry

3D solid model of a dragline bucket was developed in
AUTO CAD. The dragline bucket solid model generated
in AUTO CAD is shown in Figure 2. This solid bucket
model was imported to solid works software and con-
verted to an IGES file, which was then imported to
ANSYS 18 to simulate the dragline bucket for applying
loading and boundary condition.

Material property

The bucket material was steel and the material properties
of a dragline bucket are given in Table 1.

From the 3D solid model, the volume of the bucket was
62 m’, and the mass of the empty bucket was 70 tonne.
When sandstone was filled in the bucket, the total mass
of the bucket increased naturally. Considering sandstone
as broken rock material with a density of 2400 kg/m’, the
analysis was done under different loading conditions'.

Analysis and simulation

ANSYS 18 is a FEA tool used for structural analysis. It
includes dynamic, linear and nonlinear studies. This
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Figure 3. Boundary and loading condition of bucket model.

Table 1. Material properties of a dragline bucket
Material Steel
Density 7.85¢e-006 kg mm™
Ultimate tensile strength 460 MPa
Yield strength (tensile) 250 MPa

Poisson’s ratio 0.3
Young’s modulus 2.e +005

computer simulation method provided finite element
models, behaviour and support, material models and
equation solvers for a wide variety of mechanical design
related problems. In this study, there were two cases,
namely static and dynamic loading conditions. Static
loading condition occurred in one cycle of dragline
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Three-dimensional solid bucket model.

bucket with the boom moving, and the bucket still under
loaded conditions. Dynamic loading condition occurred
when the bucket moved in forward direction and filled
the broken rock material.

Case 1 — Static loading condition: The static condition
is a case in which the hitch element and the arc of anc-
hors were fixed. In the static loading condition, the load
was applied on the filled bucket in a hanging position just
after loading, and immediately before the commencement
of the swinging operation. Therefore, under this situation,
the role of the vertical load along the base of the bucket
was considered to play a critical role. This was further
validated by the stress distribution at the arc of anchors
and hitch elements. The boundary and loading conditions
are shown in Figure 3.

The meshing of the solid bodies was carried out using
the tetrahedron method and element size was taken as
50 mm. Meshing pattern is illustrated in Figure 4 a. The
resultant meshing body incorporates 115,611 solid ele-
ments and 199,991 nodes.

When the bucket is loaded: In this loading condition the
bucket is filled with sandstone. In this study, the broken
sandstone with a density of 2400 kg/m® was considered
for the estimation of the bucket payload.

m=pxV
m = 2400 x 62
m = 148,800 kg.
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Figure 4 a, b. Meshing body of bucket (50 mm and 100 mm element size).

Total mass = mass of sand stone + mass of bucket

= 148,800 + 7000
=218,800 kg

Total load (f,)=m x g x f

F,=218,800 x 10 x 0.85
F,=18.59800 x 10° N,

where m is the mass in kg, p the density of sandstone
kg/m’®, ¥ the bucket volume in m® and fis the fill factor of
the bucket is assumed as 0.85.

Results and discussion

The results were expressed in terms of equivalent stress,
deformation and fatigue life under static and dynamic
loading conditions of the dragline bucket.

Case 1 — Static loading condition: The load applied on
the bucket in a static loading condition was 18.6 x 10° N.
In this case, it was found that the self-weight plus
payload applied to the dragline bucket base and the von
Mises equivalent stress varied between 60.781 and
2.4826 x 10° Pa in the hitch element and arc of anchors of
the bucket. Further, in this case, the bucket fatigue life
varied from 12,026 to 1 x ¢° cycle. It was also observed
that the factor of safety was minimum near the hitch
element and arc anchors are shown in Figure 5 a—d.

Case 2 — Dynamic loading condition: Dynamic loading
condition calculated the resultant resistive forces, since
the behaviour of action—reaction evolution was important
in estimating the opposite stresses in the stripping drive
of the dragline bucket. There are many analytical and
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empirical methods available for analysing the forces
during the cutting formation. In this study we used
McKyes 2D model eq. (2), to calculate the forces due to
cohesion, weight, inertia, overloading, and adhesion to
speed up the resistance of a formation to earthmoving''

T =w(ygd2N, +cdN¢c +C,dN,, +qdN, +yv2dN,). (2)

However, this study handles the model in terms of cutting
the formation with constant velocity through a dragging
movement. Finally, the 2D model of McKyes’ equation is
condensed to eq. (3)

T =w(ygd2N, +cdN,), 3)

where w is the width of the bucket, y the density of soil, g
the gravity, d the tool depth below the soil, ¢ the soil co-
hesion, N, coefficients for weight () and cohesion (c¢)
was developed by eq. (4). The friction angle chart has
been given in ref. 12, where ¢ and J are the internal and
external friction angles®

)
Ny =N, +(N¢—No)g- 4)

The parameters which are used in eqs (3) and (4) are obtai-
ned from a tillage research study'®. The calculated weight
coefficient, cohesion coefficient and resultant cutting
force are given in Table 2. The resistive force against the
cutting force was estimated at 222.94 kN approximately.

Finite element mesh and boundary conditions

In this study, FEA modelling and simulation studies were
carried out on ANSYS 18. The material specification cor-
responds to steel with a strength of 460 MPa, showing
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Figure 5 a—d. Results of analysis in bucket loaded condition. a, Equivalent stress (von-Mises); b, Damage; c, Life; d, Safety factor.
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Figure 6. Boundary condition of moving bucket.

elastic-perfectly plastic behaviour. The meshing of solid
bodies was carried out using a four-node linear tetrahe-
dron continuum element. The meshing of the solid bodies
was carried out using the tetrahedron method and element
size was taken as 100 mm. Meshing pattern is illustrated
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Table 2. Input parameters
Parameter Value
Formation cohesion strength (¢, kPa) 25 KPA
Density of formation (y) 2.40 t/m’
Internal friction angle (¢) 40°
External friction angle (0) 30°
Weight coefficient (Ny) 2.375
Cohesion coefficient (Nc) 34
Resultant cutting force (T) 222.94 KN

in Figure 4 . The resultant meshing body incorporates
75,542 solid elements and 18,315 nodes. The loading and
boundary conditions of the moving bucket model are
shown in Figure 6.

Teeth using its weight, proceeds to cut the formation
using the dragging force conveyed along the drag rope
during the entire filling cycle. The cutting action of the
bucket controls the bucket filling cycle and leads to
stripping of the formation at a velocity between 0.50 and
1.5 m/s. Simulation in this study uses external pressure
applied to the bucket teeth, and the bucket velocity is
0.50-1.5 m/s in the x-direction.
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Results of analysis in bucket moving condition. @, Von-Mises stress variation; b, Safety factor; ¢, Deformation of

Comparison between static and dynamic loading conditions

S1. No. Static loading condition

Dynamic loading condition

Stress distribution field
hitch element and side plates of the
bucket (Figure 5 a)

The arc of anchor and hitch element
60.78-248.26 x 10° Pa

Stress concentration point
Values of stress

Stress distribution field covers the arc of anchors, Stress distribution field covers the teeth, hitch element

and side plates of the bucket (Figure 7 @)

Teeth and hitch element
2.19 x 10°-216.4 x 10° Pa

von Mises stress on the dragline bucket

The established 3D model simulates the formation cutting
action of the dragline bucket. Stress accumulated in the
teeth and hitch element of the moving bucket initiates the
failure of the configuration in the teeth area. Simulation
results show the maximum stress zones that have
maximum probability to failure in this location. The von
Mises stress distribution for the moving conditions of the
bucket is shown in Figure 7 a. It was found that the von
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Mises stress varied from 2.19 x 10° to 2.16 x 10* Pa. To
increase the service life of the bucket and several other
elements, it is recommended that a higher grade or
alloyed steel be used in the sensitive parts of the bucket.

From the analysis, it has been observed that the safety
factor is minimum near the hitch element and teeth tip as
evident in Figure 7 b. The deformation of teeth and hitch
element is evident in Figure 7 ¢. The comparison of stress
distribution under static and dynamic loading conditions
is given in Table 3.
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Figure 8 a—d. Deformation and damage of hitch element and bucket teeth.

Validation

The dragline worked almost 20-21 h per day. Some small
maintenance was required during shift change-overs.
Generally, shift maintenance was done in the morning.
While validating the results of the simulation study, it
was found from the official maintenance logs that the
shortest working life was that of the bucket teeth. It
varied from 200 to 300 h in the given sandstone forma-
tion. The entire bucket is replaced after approximately 3—
4 years of its operation in the field. The stress generated
shaped deformation, and damage to the hitch element was
observed in the study mine as shown in Figure 8a, b.
Similarly, the damaged teeth of the dragline bucket are
shown in Figure 8 ¢, d.

It was found from the simulation results that stress is
accumulated in the hitch element and bucket teeth. Figure
8 a—d shows the deformation and damage of hitch ele-
ments from different dragline buckets in the mine. Figure
8 d shows that a small part of the teeth tip was broken and
Figure 8 ¢ shows that the teeth were worn out and de-
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formed under dynamic conditions. The maintenance logs
of the study mine also reported maximum failure at the
tip of teeth and the hitch element of the bucket.

Conclusion

(1) Under the static loading condition, the maximum von
Mises stress value was located near the arc of anchors
and hitch element. Hence the probability of failure at
these locations. (2) Under dynamic loading condition, the
maximum von Mises stress value was located near the
teeth of the bucket and near the hitch element. Hence the
probability of failure at these locations. (3) The safety
factor is minimum at the tip of the teeth and hitch ele-
ment of the bucket. (4) The simulation outcomes showed
maximum von Mises stress values on the dragline bucket
teeth and hitch elements. Hence the probability of failure
at this location. (5) In this analysis, the maximum von
Mises stress on the moving bucket condition was
216 MPa at the given loading and boundary condition

CURRENT SCIENCE, VOL. 116, NO. 4, 25 FEBRUARY 2019
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situations. Though this maximum stress may not cause
failure of the whole body of the bucket, any overfilling
condition may induce fatigue or fractures at critical
locations in the bucket.

1. Azam, S. F. and Rai, P., Modelling of dragline bucket for
determination of stress. ASME J., 2018, 78, 392-402.

2. Golbasi, O. and Demirel, N., Investigation of stress in an
earthmover bucket using finite element analysis: A generic model
for draglines. J. S. Afi. Inst. Min. Metall., 2015, 115(7), 623-628.

3. Abo-Elnor, M., Hamilton, R. and Boyle, J. T., Simulation of soil—-
blade interaction for sandy soil using advanced 3D finite element
analysis. Soil Till. Res., 2004, 75(1), 61-73.

4. Costello, M. and Kyle, J., A method for calculating static
conditions of a dragline excavation system using dynamic
simulation. Math. Comput. Model., 2004, 40(3-4).

5. Coetzee, C. J. and Els, D. N. J., The numerical modelling of
excavator bucket filling using DEM. J. Terramechanics, 2009,
46(5), 217-227.

6. Coetzee, C. J., Els, D. N. J. and Dymond, G. F., Discrete element
parameter calibration and the modelling of dragline bucket filling.
J. Terramechanics, 2010, 47(1), 33-44.

7. Bende, S. B. and Awate, N. P., Design, modeling and analysis of
excavator arm. Int. J. Design Manuf. Technol., 2013, 4, 14-20.

Tupkar, M. P. and Zaveri, S. R., Design and analysis of an
excavator bucket. Int. J. Sci. Res. Eng. Technol., 2015, 4(3), 227—
229.

. Ozdogan, M. and Machinery, 1., Walking dragline bucket penetra-

tion mechanism and penetration forces, 2015; https://doi.org/
10.13140/RG.2.1.2304.8406.

. Abo-Elnor, M., Hamilton, R. and Boyle, J. T., 3D Dynamic

analysis of soil-tool interaction using the finite element method. J.
Terramechanics, 2003, 40(1), 51-62.

. McKyes, E. (ed.), Soil Cutting and Tillage, Elsevier, Amsterdam,

1985, p. 7.

. Hettiaratchi, D. R. P. and Reece, A. R., The calculation of passive

soil resistance. Geotechnique, 1974, 24(3), 289-310.

. Mouazen, A. M. and Neményi, M., Finite element analysis of

subsoiler cutting in non-homogeneous sandy loam soil. Soil Till.
Res., 1999, 51(1-2), 1-15.

ACKNOWLEDGEMENT. We are indebted to the management and
staff of Northern Coal Field, Singrauli for their excellent co-operation
and support during the entire field work.

Received 9 August 2018; revised accepted 6 November 2018

doi: 10.18520/cs/v116/i4/612-619

CURRENT SCIENCE, VOL. 116, NO. 4, 25 FEBRUARY 2019

619




<<
  /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 0.0000
  /ColorConversionStrategy /sRGB
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


