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Abstract—The National Compact Stellarator Experiment (NCSX)
was a collaborative effort between ORNL and PPPL. PPPL
provided the assembly techniques with guidance from ORNL to
meet design criteria. The individual vacuum vessel segments,
modular coils, trim coils, and toroidal field coils components were
delivered to the Field Period Assembly (FPA) crew who then
would complete the component assemblies and then assemble the
final three field period assemblies, each consisting of two sets of
three modular coils assembled over a 120° vacuum vessel segment
with the trim coils and toroidal field coils providing the outer
layer. The requirements for positioning the modular coils were
found to be most demanding. The assembly tolerances required
for accurate positioning of the field coil windings in order to
generate sufficiently accurate magnetic fields strained state of the
art techniques in metrology and alignment and required constant
monitoring of assembly steps with laser trackers, measurement
arms, and photogrammetry. The FPA activities were being
performed concurrently while engineering challenges were being
resolved. For example, it was determined that high friction
electrically isolated shims were needed between the modular coil
interface joints and low distortion welding was required in the
nose region of those joints. This took months of analysis and
development yet the assembly was not significantly impacted
because other assembly tasks could be performed in parallel with
ongoing assembly tasks as well as tasks such as advance tooling
setup preparation for the eventual welding tasks. The crew
technicians developed unique, accurate time saving techniques
and tooling which provided significant cost and schedule savings.
Project management displayed extraordinary foresight and every
opportunity to gain advanced knowledge and develop techniques
was taken advantage of. Despite many risk concerns, the cost
and schedule performance index was maintained nearly 1.0
during the assembly phase until project cancellation.

In this paper, the assembly logic, the engineering challenges,
solutions to those challenges and some of the unique and clever
assembly techniques, will be presented.
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I. INTRODUCTION

DOE discontinued the National Compact Stellarator
Experiment (NCSX) project due to cost and schedule overruns
at the machine assembly point where the three vacuum vessel
segments were complete, two of the six modular half periods
(MCHP) were complete and one half period was installed over
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one of the vacuum vessel segments. Most of the known

assembly risk was retired.

This paper will provide a detailed description of the FPA
stations and activities along with the challenges and solutions
that were met in each assembly step.

II.  ASSEMBLY DESCRIPTION

A. Overview of the Four Stations

The NCSX field period assembly was initially divided into
five assembly stations. Ultimately, the fourth and fifth stations
were combined due to process simplification. The resource-
loaded schedule was based on a single shift team consisting of
one very talented and experienced lead technician with 2
capable technicians and two 2-man metrology teams.
Available on call to this core crew were two rigger/material
handlers and two welders. We also had a team of ORNL and
PPPL engineers to address tooling and design issues as well as
a “back office” consisting of three engineers to support all
metrology issues. One key element of the success of the field
period assembly and maintaining cost and schedule was a daily
afternoon ORNL/PPPL conference call that was held at the end
of the shift to address issues and provide the next day with
immediate engineering support. The design was entirely 3-
dimensional and model based; nothing was straight that could
be measured by a ruler. Clearly this was a metrology intensive
assembly and the metrology systems were being used at their
limits. Other papers are being presented at this symposium that
address metrology reliability and capability [1] [2] [3].

B. Station One

The first station was set up for the assembly of components
on the vacuum vessel subassembly (VVSA). The VVSAs were
1/3 sections of the vessel and included a short spool piece that
was to serve as a welded interface between the VVSAs to
accommodate final alignment. A total of 99 ports were welded
onto the vacuum vessel and then cut off at the fabricator’s
facility to allow the modular coils to be installed over the
vessel. Each port was pre-fit to its respective opening to verify
that the weld prep would allow for the final welding of the port
back onto the vessel from the inside. The VVSAs required a
layer of 205 plasma flux loop diagnostic coils to be precisely
placed onto the vacuum vessel along with thermocouples for
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monitoring the vessel temperature and finally an array of
duplex redundant cooling tube paths. The unique challenges in
station one were the deflection of the VVSA while held in the
“rotisserie” for assembly which greatly complicated the
accurate placement and measurement of the diagnostic coils
and correct installation of the clamps for attaching the cooling
tubes to achieve proper thermal conduction.

C. Station Two

The second station was devoted to assembling the three
types of modular coils (A, B, C) into half period assemblies
(MCHP). The outer region of these coils was bolted while the
inner nose region was welded. There were many unique
challenges in station two. The modular coils were more
flexible than expected and it proved difficult to reestablish the
coordinate system that the coils windings were wound to.
Laser tracker systems that were being used to take
measurements were at the limits of their accuracy/resolution;
the metrology systems were not entirely reliable; the outer
bolted regions had many difficult criteria; and finally, the inner
nose regions required high compressive and shear forces which
drove the design to a welded joint that in turn required strength
with a low-distortion weld design.

D. Station Three

The third station was setup for the purpose of assembling
the MCHP assembly fabricated in station two over the vacuum
vessel assembly fabricated in station one. Originally a large
support manipulator mounted on a manipulated three-axis
frame was to be used. Upon further examination of the
process, it was believed that simpler handling with standard
rigging techniques could be employed while guided by three
lasers pointing to predetermined paths drawn on paper. This
was tested out by manipulating a 25,000-pound concrete block
with chain hoists along laser-guided paths and proven valid.

E. Station Five

Station four was originally for the preassembly of the
toroidal field coils but was combined into station five since the
tooling was essentially the same. This final FPA station
performed the tasks to complete assembly of each of the three
sections of the machine. This would include the reattachment
of the 99 ports to the vacuum vessel previously cut off to allow

the modular coils to be placed over the vessel segments; the
installation of the trim coils; the installation of the cooling
manifolds and buswork; the collection and termination of
instrumentation cables in junction boxes; and finally the
installation of the toroidal field coils.

III. ENGINERING AND ASSEMBLY CHALLENGES

A. Station One

Station one was our first exposure to using laser trackers for
assembling complex shaped components. The first hurdle was
the fact that the vessel was installed on a rotisserie for ease of
accessing the vessel surface. The vessel sagged on the order of
0.060” We learned that while this was a global effect we could
use a local set of fiducials placed on the vessel itself to
determine a local coordinate system. In the past we have
performed in-vessel surveys of components and locating
datums and assembly points using laser trackers but this
involved the precise location of flexible 3-dimensional curved
diagnostic flux loop coils. A clever technique was offered to
manufacture copper templates that could be precisely located
and then the flux loops could be wound around the perimeter of
these templates. This worked very well. Once installed, we
could then measure the loops by simply tracing a laser tracker
probe around the loop.

Another challenge of station one was achieving the correct
contact pressure of the clamps that held the cooling tubes in
place. These employed a Grafoil interface to provide sufficient
contact area and pressure to achieve good thermal conduction
between the flat clamp and the curved vessel. Over or under
compression seriously limits thermal conduction through the
Grafoil. The team performed several tests to determine the
best, easily repeatable method to attach the clamp and torque
the hold-down nut.

More than anything, station one was a very tedious and
time-consuming evolution that gave us an opportunity to



develop metrology skills. ~ We learned that metrology
equipment requires a significant amount of maintenance and
backup equipment is vital. Metrology arms and laser trackers
failed several times a year. Laser tracker software basically
works by selecting a specific point from a large sample during
a period of time. This is random and does not represent the
average of the time period’s point cloud. Sometimes this point
cloud would grow significantly in size for periods up to 2
weeks for no apparent reason.  For critical baseline
measurements that reestablished coordinate systems, a
technique called “super points” was developed which would
sample up to 100 measurements of a single point and then use
the average of the result.

B. Station Two

Before actually beginning the station two assembly activity,
it was noticed that there were some variations between coil
castings. Upon further investigation, it was discovered that
there were some significant over cast areas that would interfere
with the coil-to-coil assembly. Not only were there

interferences with the actual windings but also some of the
pockets created for the stud and nut assemblies were too small.

The only solution was to proceed with a 100% pre-fit of
mating coils. After a few pre-fits, it was determined that this
was a significant undertaking worthy of assigning a separate
work crew and engineer in charge. Fortunately, the foresight to
check into this issue avoided significant assembly delays. The
coils were thoroughly checked and hand ground where needed
until at least ’4” clearance was available. The coils were then
delivered to the FPA crews ready for assembly.

The first hurdle on station two was to place and align the
modular coils on 20° wedges to position the top flange
horizontally. It was determined that the modular coils were
flexible and once removed from the coil winding ring, lost their

shape, so it became necessary to rack the coils back into shape
to reestablish the coordinate system. This took some
development. A clever spreadsheet was developed that
allowed the laser tracker operators to input measurement data
from specific locations and then it would output what
adjustments were required. It became obvious that the
selection of the location of input points was critical; also, the
number of points used was important for best results. The coil
was clamped down to a stiff 20° wedge that allowed the top
flange to be positioned horizontal to the floor plane for ease of
mounting the second coil on top of the bottom coil. While
engineering and the assembly crews were developing the best
methods for attaching the mating coil, there were several
challenges involved with bolting the outer flange region and
welding the inner nose region that had to be resolved.

* Coils were aligned using conical seat datums
established during the initial coil winding operation.
These datums were measured using the super point
technique and then input into the spreadsheet

calculator. A simple but clever clamp was installed on
each of the four legs that allowed fine X-Y positioning
of the coil. Coils were positioned within +0.002” in a
couple of hours.

Measurements were retaken and the spreadsheet would
readout the required changes in X, Y, Z directions to
achieve acceptable alignment. Once the X and Y
directions were aligned, the coil was then lifted or
jacked when possible and surrogate shims were
installed to set the correct Z position. These allowed
the actual coil winding centers to be quickly realigned
within the required tolerance.

* A high friction bolted joint design that would also
serve as a pinned connection for shear was required.
The joints were designed with a nominal 0.5” gap to
accommodate a shim to allow for the aforementioned
alignment. A survey of the gap was made on two coils
that were aligned and the gap was determined to range
from 0.44” and 0.56”. The first design employed a set
of stainless steel shims that were coated on both sides
with 0.020” of Alumina with various thicknesses
within this range. The Alumina increased the
coefficient of friction to approximately 0.7p and also
provided electrical insulation.



A series of pressure film tests were performed with coil
sets to determine what the thickness accuracy was
required to allow the best load sharing. Note the
varying indications on the third column, which was
varied by 0.001” increments. It was determined that if
adjacent shims varied by more than 0.002” then the
thinner shim would not be loaded as is indicated on the
top row. Also it was important that the shims were flat
and parallel to assure even load sharing across the
shim.  Unfortunately, the final thickness of each
alumina shim varied across the shim by as much as
0.010”. After much discussion, it was determined that
shims with varying thicknesses of stainless steel
sandwiched between two G-10 sheets also of varying
thicknesses could be easily assembled to size [4].

A clever hydraulic press was developed to perform the
measurement of the sandwiched shim assembly.

The pinned connection to satisfy the shear requirement
was met through the use of a custom G-10 bushing.
Each bushing was prefit for a press fit to the inner
diameter of the mating coil through-hole. Then after
the coils were aligned, a clever aluminum gauge was
used to measure the offset of each stud in its hole.
That hole’s bushing was custom drilled to the precise
diameter of the stud with the measured offset.
Fortunately each stud was very accurately machined to
within 0.001” of each other. This resulted in a very
tight-pinned connection [5].

The nose region required a strong shear connection that
could also react highly compressive loads. Several
mechanical designs were considered but because of the
tight tolerances, and the high shear strength
requirement it was finally determined that a welded
connection was required. Once welding became the
option of choice, reduced distortion techniques were
investigated. Originally the joint design utilized a
custom fit shim that would be welded on each of its
side to the adjacent coil. However, the weld distortion
was excessive.

Ultimately the shear plate design was developed which
provided high shear strength without transferring weld
distortion. The shear plates were sized to be 0.040”



thinner than the measured gap. Custom made pucks
that fit into holes included in the shear plates met the
compression requirement. The elegance of the shear
plate was that the plates were welded in alternate
succession to the coil pair. Also, the inner and outer
weld of each shear plate was welded to the alternate
coil as well. This resulted in sort of a leaf spring effect
— strong in shear but weak in tension [6].

Another simple and clever tool was a precisely
machined spring-loaded gage used to measure the puck
locations thickness. Optical measurements were taken
of the gap between the opposing nubs at the center of
the gage.

The addition of the third coil to the previously
assembled two coils was at first believed to be a simple
repetition of the same steps. However, these two coils
had to be tilted an additional 20 degrees to set the top
flange horizontal to the floor. The main concern was
to maintain the coordinate system established for
aligning the first two coils. It was decided to lift and
place the two coils along with the wedge that they sat
onto a second 20° wedge.

This allowed us to transfer the coils with the first
wedge and not disturb the coordinate system. This
worked fairly well accept that the top wedge settled a
few thousands of an inch after a few days. It was
determined that the shims that the leading edge of the
top wedge was placed on were a bit too compliant.

C. Station Three

Station three was exclusively for assembling two MCHPs
over the vacuum vessel segment and then joining them together
using the same technique (bolting and welding) for the
individual modular coils.  This formed a Field Period
Assembly (FPA). The tooling for this assembly operation was
considered very complex and several concepts were considered
including a manipulator owned by NASA that would have been
very expensive. Then a six-axis frame was designed to provide
the required motion capability. The field period assembly
manager is also the PPPL lift manager for PPPL and familiar
with rigging techniques. An animation was created that
showed the required movement to manipulate the coils over the
vacuum vessel.  Upon seeing this motion, it became
immediately apparent that this could be accomplished with a
three legged rigging arrangement while guided by three lasers
pointing to a sequence track drawn on paper. A test was
proposed utilizing a 25,000-pound block of concrete. With
simple chain hoists combined with the overhead crane, the
concrete block was successfully manipulated point to point
through the track with about 2 inch of wiggle due to the hand
jerking to operate the chain hoists. This test proved that the
concept was valid. Three 75.000—pound capacity, 30” stroke,
gear reduced, position encoded hydraulic actuators were chosen
driven by variable frequency drives (VFD). This provided very
fine variable speed control down to increments of only 0.005”.
Also the VFDs were programmed with an on and off ramp that
eliminated any possible jerking. This three-legged manipulator
system worked perfectly. It required 9 people — one watching
each of the three tracks, one operating the manipulator station,
one operating the crane for X-Y translation, a lead
orchestrating the movement, and three overall safety observers
watching for potential interferences. The most difficult task
was to get the team to feed positional information to the lead
with clear, precise and useful language. The assembly team
practiced for two weeks manipulating a MCHP along the track
without the vacuum vessel in place. Once the team was
confident, the vacuum vessel was set into place precisely using
laser trackers. Then the alignment of the screens was double-
checked and the MCHP was set to the starting position of the
tracks. The track line had numbered circles placed along the
path. The process was to simply point each laser to each
successive number. First all three lasers were pointed to
number 1 then number 2 and so on. This “walked” the MCHP
along the prescribed path. The size of the circle indicated the
amount of clearance at each of the points. The largest circle
was about %" in diameter and would shrink down to about %4”
where the clearance was significantly reduced to warn the lead
technician. The nominal closest point of approach between the
coils and the vessel was about 0.5” using the predetermined
CAD path. In fact, we had a minimum of about %" at the
closest point of approach and the entire evolution took only
about 4 hours to perform.



D. Station Five

Station five involved the use of extensive tooling to hold
the FPA and allow for layers of components previously
mentioned to be installed over the FPA. This involved the
need to design special tooling that could approach the FPA
from all angles vertically and horizontally. While we did not
reach the need to build this tooling, much of it would consist of
small carts and handlers to handle components from below as
well as standard rigging techniques to handle components from
above.

IV. THE FINAL ACT

A. Orderly Storage

The NCSX experienced significant cost and schedule
growth that caused it to be cancelled [7]. However, an orderly
collection of procedures and data as well as the storage of
components was conducted during the summer of 2008. This
in itself provided useful information about the final
transportation of components into the actual NCSX test cell.
For example, a specially designed lowboy truck trailer was
used that allowed the station three FPA to be easily transported
to the test cell. Also the 4 remaining MCHPs were assembled
using nominal '%” shims in only a few days each. This proved

that there are no future potential interferences that could further
delay the assembly.

B. Summary

Although NCSX was not completed, much was learned
which will undoubtedly be of value to future projects. The
team greatly expanded its knowledge and capabilities in many
areas. There were several clever techniques described above.
Probably the two most significant lessons learned from this
project were 1) Metrology is still a quickly developing
technology which often has unexpected challenges. A
significant amount of extra time and backup equipment must be
allotted to achieve a successful schedule. 2) Communication at
all levels must be maintained to provide an avenue for
immediate feedback. Our weekly meetings were invaluable —
especially in a collaborative effort. Team efforts must have
everyone involved on the same page and working in harmony
toward a common goal. This may seem obvious but with
teams of very intelligent people with competing ideas, can
sometimes be difficult to maintain focus and achieve timely
solutions. The NCSX managed this extremely well much to
the credit of its senior management.

=

REFERENCES
[1] R. Ellis, “Dimensional control of NCSX field period assembly,” 2009,
SOFE
[2] C. Priniski, “Metrology techniques for the assembly of NCSX,” 2009,
SOFE

[3] T. Dodson, “Advantages of high tolerance measurements in fusion
environments applying photogrammetry,” 2009, SOFE

[4] L. E. Dudek, “Testing of compact bolted fasteners with insulation and
friction-enhanced shims for NCSX,” 2009, SOFE

[51 K. D. Freudenberg, “Performance evaluation and analysis of critical
interface features of the national compact stellarator experiment
(NCSX),” 2009, SOFE

[6] M. Denault, “Low distortion welded joints for NCSX,” 2009, SOFE

[71 R. L. Strykowsky, “Engineering cost & schedule lessons learned on
NCSX,” 2009, SOFE




<<
  /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 0.0000
  /ColorConversionStrategy /CMYK
  /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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


