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ABSTRACT

To simulate the quasi-static stowage behavior of a retractable “hingeless mast,” the design
and experimental testing of which have been reported by T. Kitamura et al. (1988),
geometrically exact rod elements, the Hilber-Hughes-Taylor alpha-method of time
integration, and quasi-Newton iteration with line search and automatic restarts are used. A
simplified and coarsely discretized model of the mast is capable of reproducing the observed
characteristics of the stowage of the mast, including the necessary buckling of the longerons
and the subsequent large rigid-body and strain-related deformations. Coarse temporal
discretization is found to provide sufficient accuracy if combined with the use of iterative,
adaptive, and safeguarded solutions algorithms. However the presence of intermittent
constraints or contact necessitates the use of extremely small analysis increments to maintain
stability and accuracy and may, thus, render the simulation infeasible. Furthermore, the
computed response is sensitive both to the mathematical models of the structure and applied
excitation and to the employed analysis algorithms and parameters. Such analysis sensitivity
parallels the sensitivity in the response of the actual structure and introduces the need for
ensembles of simulations that attempt to capture and characterize the set of possible
responses.

INTRODUCTION

The dynamics of space structures pose a unique combination of simulation challenges. They
involve small strains but large rigid-body and strain-producing deformations, local and global
instabilities, and often closely spaced equilibria. They are also strongly dependent on the
behavior of various joints and deployment devices, usually modeled as kinematic constraints.
The writers’ objective has been to assemble, improve, and test simulation methods that might
be suitable and effective for such problems, Balopoulos (1997). The principal tools selected
to attack simulations of flexible space structures include: (i) geometrically exact finite
element formulations for rods, cables, and a variety of constraints; (ii) methods of time
integration which provide asymptotic annihilation of high frequencies and accurate modeling
of low frequencies with relatively large time increments; and (iii) iterative and adaptive
nonlinear solvers which employ step-safeguarding techniques to avoid divergence.

The formulations and numerical tools adopted are employed in the simulation of an actual
deployable space structure, one of the recoilable and self-deploying lattice masts discussed in
Kitamura ef al. (1988) and schematically illustrated in Figure 1. These masts consist of three
continuous longerons framed by integrated radial (star-like) spacers and stiffened by six
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Figure 1. Schematic of a partially deployed recoilable mast [Fig. 1 of Kitamura et al. (1988)]

diagonal wires per bay. They are stowed by recoiling under compression, and their
subsequent deployment is propelled by stored elastic strain energy. The case selected is a
hingeless mast, i.e., its spacers are rigidly connected to its longerons, and stowage/deployment
deformations are essentially elastic twisting of the mast. A detailed experimental study of the
forces and deformation patterns associated with the stowage and deployment of hingeless
masts is reported in Natori et al. (1986). The study establishes that the statics of actual
hingeless masts are only weakly deterministic due to insensitivity of the stowage/deployment
forces to the deployment ratio away from the initial buckling region and because, for constant
deployment ratio and slightly varying deployment force, multiple stable equilibria with
drastically different associated deformations can be achieved. Furthermore, as is typical for
nonlinear systems, the deformation patterns and the transitions between them are essentially
unpredictable because they are affected by imperfections in the structure or in the

experimental setup. Thus, the chosen case study is sufficiently challenging for the simulation
tools.



Because of the commercial importance of the recoilable masts discussed by Natori et al.
(1986) and Kitamura et al. (1988), the dimensions and properties are only partially disclosed.
Therefore, the experimental results can only be used for qualitative comparisons to the
simulation, and for the purposes of this case study an approximate model of the hingeless
mast is devised.

THE STRUCTURE AND THE SIMULATION MODEL

The hingeless mask designated as HL-3 in Kitamura et al. (1988) is used as the prototype for
the case study. The selected approximation to this configuration has a mast radius » of 75mm,
a total length L of 3,000mm, a spacer pitch 4 of 87 mm, and a total mass M of 0.125kg. The
members have elastic sections properties listed in Table 1. The two ends of the HL-3 mast are
attached to a deployment canister and an end plate, but no details about these boundary
conditions are given by Kitamura et al. (1988). Thus a fictitious integrated spacer is assumed
at each end to approximate rigid-panel conditions. Furthermore, the centers of these fictitious
end-spacers are connected by a “retractable-cable” constraint that controls the evolution of the
deployment ratio. When the mast is fully extended, the cable is shorter than the undeformed
mast by 0.05mm and thus provides prestressing. Dynamic stowage is simulated over a time
interval of 20s according to the program d(t)/d, = 0.1 + 0.45[1 + cos(z/20)]. Finally the
centers of all pairs of neighboring spacers are connected by “impenetrable sphere” constraints
to simulate contact between longerons under local coiling conditions, Balopoulos (1997).

Table 1. Elastic Sectional Properties Of Members Of Hingeless Mast Model

Members EA (kN) GJr (kN mm?) | ElLp (kN mm”) | Elop (KN mm?)
Longerons 80 12 15 27
Spacers 50 3 4 40
End-Spacers 500 3 400 400
Wires 13 n/a n/a n/a
Table 2. Finite Element Models of the Hingeless Mast
Full Simplified

Number of nodes 148 74

No. radial spacer bars 111 37

No. longeron rod segments 108 36

No. diagonal wires 204 0

No. rigid-link constraints 37 37

Total number of elements 460 110

No. d.o.f. — quadratic elements 2,227 767

No. d.o.f. — cubic elements 3,541 1,205

Finite Element Models

The mast structure is modeled with a single geometrically exact rod element (Simo and Vu-
Quoc 1988, 1991) of quadratic or cubic order for each member. The number of nodes and
elements for the full model are given in Table 2. However, even with this coarse



discretization made possible by the geometrically exact elements, the computational time
required for the nonlinear dynamic analysis with appropriately short time step is prohibitive
(see Table 3 and accompanying discussion). Instead, a simplified model, also shown in Table
2, is devised by narrowing the behavior to the experimentally observed axisymmetric stowage
kinematics. The diagonal wires are ignored because they are slack during most of the
stowage. Furthermore, axisymmetry is explicitly enforced by modeling only one-third of the
mast and by requiring that translation and rotation of each spacer’s center to be parallel to the
axis of symmetry. All results reported herein are for the simplified model.

Analysis Methods

Time integration is performed by the Hilber-Hughes-Taylor a-method with o = -1/3 for
maximum high frequency dissipation, Hilber ef al. (1977) and Hoff ef al. (1989). In addition,
Rayleigh damping is employed to provide about 0.5% critical damping in the low-frequency
modes and additional dissipation in high modes. Instead of seeking buckling loads and modes
by performing static increments and eigen-analysis, the kinematics are biased in the direction
of a twisting buckling mode by applying two opposing 10Nmm torques statically at the two
topmost spacer centers. This provides an initial imperfection in terms of a slope of roughly
3% in the top bay of the mast, and this static preload is ramped down linearly to zero between
t of 0.5s and 1.5s, after the first limit point of the force in the central cable occurs. For each
discretization of the mast an essentially linear static analysis must be performed to produce an
initial equilibrium configuration, subject to the small pretensioning of the cable and the
torques at the mast top.

At each time step, the nonlinear system solver used is the limited-memory (vector) quasi-
Newton method with line searches, update evaluations, and restarts (Golub and VanLoan
1989). With an appropriate choice of time step, these techniques allow each time increment
to require roughly one tangent evaluation and factorization, three to four update steps, and
four or five residual evaluations. The factorization technique used is a band-preserving,
symmetric Crout method (L. D L.

One drawback of the software used (Balopoulos 1997) is that it does not permit adaptive time
stepping. Consequently, for too-large time increments, either equilibrium cannot be reached
within tolerance, and analysis must be terminated, or an artificial impact must be accepted
(reducing accuracy) in hopes that such instances will be infrequent. The simplified treatment
of intermittent longeron contact in the model employed therefore limits the simulation to the
range where contact is not widespread, that is, to the early stages of stowage.

The effect of the modeling and analysis factors on the analysis times is reflected in Table 3.
For practical computational times, the importance of using the simplified model is evident.

Table 3. Estimated Computational Times on an HP-730 Workstation

Model: Full model Simplified model
Element Order: | quadratic | cubic | quadratic cubic
One L D L' decomposition 180 sec | 290 sec 4 sec 6 sec
20-sec stowage, 10* steps (At = 0.002sec) 14 days 1 day
20-sec stowage, 10° steps (At = 0.0002sec) 14 days




SIMULATION RESULTS

The simulation of stowage consists of two stages. The first is the prediction of the limit load
of the retracting cable connecting the end-spacers (an event that could be loosely called the
axisymmetric buckling of the mast in the first 1/4 sec of the stowage), a study used to choose
an appropriate time increment. The second is the simulation of post-buckling deformation.

Selection of Time Steps

In this stage, results from a variety of time steps are employed for the first 1.5 seconds of the
stowage with both quadratic and cubic elements. The time step selection is based on the
convergence study of both the time of occurrence and the magnitude of the limit load of the
cable. In addition, by a comparison of the cumulative computational costs — in terms both of
the number of configuration updates and ensuing residual evaluations needed and of the
number of tangent evaluations and factorizations — the effect of the time step selection on the
efficiency of the nonlinear simulation is also considered. It is determined that, for quadratic
elements a At of no larger than 0.005 sec is required, while for cubic elements steps as large
as 0.02 sec can be used but At = 0.005 sec seems to provide optimal efficiency.

Post-Buckling Deformation

After the initial limit point at about a 1% shortening of the mast, the simulations exhibit an
essentially constant force in the cable over a range of about the next 9% of stowage. This
agrees qualitatively with the experiments by Natori et al. (1986). Thus interest centers on the
evolving global features of the resulting kinematics during this post-buckling stage. These
deformation patterns are characterized by the displacements parallel to the mast’s axis of the
nodes that lie on the axis, i.e., of the centers of the integrated spacers. Figures 2 and 3 show
the time histories of these displacements at the one- and two-thirds points of the axis for the
models with quadratic and cubic elements, respectively. (The displacements at full height are
not shown since they are entirely enforced by the length of the retracting cable.) Results
obtained for the axis-aligned rotations exhibit similar patterns and comparisons but are not
shown here for brevity.

The post-buckling deformations illustrated in Figures 2 and 3 exhibit some expected and some
surprising trends. The computed kinematics depend only weakly on whether quadratic or
cubic rod elements are employed; this convergence with respect to spatial discretization is
expected because strain-related deformations remain small within individual elements over
the time interval studied. Temporal discretization, by contrast, appears far from convergent;
indeed, the three smallest time increments produce three clearly distinct post-buckling
deformation patterns.

That simulations employing relatively small time increments yield so dissimilar results is hard
to reconcile with the frequency content of the simulated kinematics, which has a highest
significant contribution of roughly 20Hz. The source of this effect is suggested, however, by
a fortuitous numerical accident: for the two extreme time-increment values employed, At =
0.001sec and At = 0.01sec, the cubic rod model produces essentially the same deformation
pattern in the sense that divergence over time between the two simulations is very small and is
oscillatory, Figure 3.
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Figure 2. Time history of displacements along mast axis for quadratic-element model

In summary, the simulations depicted in Figures 2 and 3 (and in the omitted comparable
figures of post-buckling rotations):
e differ algorithmically only in the time increment employed and in the resulting
dissipation of high frequencies by the a-method;



Displacements at the mast’s axis of symmetry (mm)

— At=0001s| : \
— — At=0.002s : : \
— At=0.005s| :
- — At=0.01s
_16 ; i
0 0.5 1 1.5
Time (s)

Figure 3. Time history of displacements along mast axis for cubic-element model

do not accumulate errors by accepting quasi-equilibrium configurations, except in a
few isolated cases of low residual;

enforce the same stowage program which does not significantly excite frequencies
beyond 20Hz;



e result in cable-force histories that are essentially identical in magnitude and dynamic
behavior; and
e give rise, nevertheless, to three vastly different deformation patterns which originate at
the first limit point or shortly thereafter, diverge exponentially, and persist over a
significant time interval.
Thus the source of divergent kinematics for different time increments is identified as lack of
invertibility in the neighborhood of the limit point.

The sensitivity to initial conditions evident in the numerical results discussed above is in
complete agreement with the experimental results reported by Natori et al. (1986). These
observations indicated that each tested hingeless mast exhibited specific intervals of the
statically enforced deployment ratio over which multiple stable equilibria were possible,
characterized by almost identical deployment forces and vastly different deformation patterns.
It is also reported that one such interval often followed immediately after the first limit point
and that, in some occasions, closely spaced static equilibria persisted in parallel over
significant deployment intervals.

CONCLUSIONS

The case study selected provides, by virtue of its complexity, a severe test for element
formulations, analysis algorithms, and their interaction. By the nature of the problem, the
elements used must be geometrically exact, and the low-order, numerically integrated C° rod
formulations used here have been demonstrated elsewhere (Balopoulos 1997) to model large
rigid-body and strain-related deformations accurately. This test case sheds further light on the
relative cost and efficiency of the quadratic and cubic order elements.

The variety of nonlinear behavior exhibited by the stowage and deployment of the recoilable
mast includes not only progressive softening or stiffening of individual members but
discontinuities in tangents, residuals, and even topology (contact). Furthermore, numerical
ill-conditioning of the tangent and equilibrium predictors outside of the solution’s basin of
attraction are probable occurrences. In contending with such conditions, nonlinear system
solvers:
e must without exception iterate for equilibrium;
e may not use incremental, tangent-based definitions of the residual;
e must employ step-safeguarding techniques to avoid divergence;
e must monitor and adapt the attempted time increment to ensure convergence,
accuracy, and efficiency; and
e must detect discontinuities, determine their time of occurrence, and establish
equilibrium immediately before and after them.
Although the solver applied to this case study implements the first three of these, the
divergent results for different time increments arises at least in part from the absence of the
last two.

Tangent factorizations dominate the computation effort in the simulation of the hingeless mast
even though the problem is of modest size and a vector quasi-Newton solver is employed.
Possible refinements for improving efficiency include using the same factorized tangent for
multiple increments and employing iterative, truncated linear system solvers with infrequently
computed approximate tangent factorizations as preconditioning.



The difficulties encountered in simulating the stowage of the hingeless mast serve to highlight
limitations of the finite element method as applied to highly nonlinear structural dynamics.
These limitations include the restriction that computational resources place on the accuracy of
models and their simulations and, more particularly, the sensitivity to initial conditions
(bifurcation, closely spaced equilibria, exponential separation). The latter may preclude
individual simulations from being representative, as implicitly intended, of the ensemble of
responses of a “small neighborhood” of models to a “small neighborhood” of excitations.

It is possible, as is the case for the mast stowage example, for an ensemble of responses to
exhibit relatively few and persistent behaviors. In such circumstances, a single simulation of
high accuracy is less useful than a set of less accurate ones because the latter have a higher
probability of capturing, at least qualitatively, the characteristic behaviors in the ensemble.
However, multiple approximate simulations are not always feasible; they may become
prohibitively expensive in the presence of severe discontinuities such as widespread and
intermittent contact which require drastic reduction in the spatial and temporal discretizations.

ACKNOWLEDGEMENTS

Portions of this work have been sponsored by the U. S. Air Force Office of Scientific
Research under Grants No. AFOSR-90-0211 and F49-620-94-1-0129.

REFERENCES

Balopoulos, V. D. (1997), Object-oriented finite-element dynamic simulation of geometrically
nonlinear space structures, Ph.D. dissertation, Cornell University.

Golub, G. H., and VanLoan, C. F. (1989), Matrix Computations, Johns Hopkins University
Press, Baltimore, Maryland.

Hilber, H. M., Hughes, T. J. R., and Taylor, R. L. (1977), Improved numerical dissipation for
time integration algorithms in structural dynamics, Earthquake Engineering and Structural
Dynamics S, 283-292.

Hoff, C., Hughes, T. J. R, Hulbert, G., and Pahl, P. J. (1989), Extended comparison of the
Hilber-Hughes-Taylor a-method and the ®;-method. Computer Methods in Applied
Mechanics and Engineering 76(1), 87-93.

Kitamura, T., Okazaki, K., Natori, M., Miura, K., Sato, S., and Obata, A. (1988),
Development of a “hingeless mast” and its applications. Acta Astronautica 17(3), 341-
346.

Natori, M., Okazaki, K., Sakamaki, M., Tabata, M., and Miura, K. (1986), Model study of
simplex masts. 15" International Symposium on Space Technology Science, Tokyo, 489-
496.

Simo, J. C., and Vu-Quoc, L. (1988), On the dynamics of space rods undergoing large overall
motions — A geometrically exact approach. Computer Methods in Applied Mechanics and
Engineering, 66(2), 125-161.

Simo, J. C., and Vu-Quoc, L. (1991), A geometrically exact rod model incorporating shear
and torsion-warping deformation. [International Journal of Solids and Structures, 27(3),
371-393.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


