2030. Design and experiments of multi-stage coil gun
system

Su-Jeong Lee!, Jin Ho Kim?, Soo-Hyun Kim?

I.2Department of Mechanical Engineering, Yeoungnam University, Gyeongsan, Gyeongbuk 38541, Korea
3School of Materials Science and Engineering, Yeoungnam University, Gyeongsan, Gyeongbuk 38541, Korea
3Corresponding author

E-mail: Yeesujeong@ynu.ac.kr, *jinho@ynu.ac.kr, >soohyun@ynu.ac.kr

Received 9 November 2015, received in revised form 3 April 2016, accepted 22 April 2016
DOI http://dx.doi.org/10.21595/jve.2016.16615

Abstract. An eclectromagnetic launcher (EML) is a device used to propel and accelerate a
projectile by converting electrical energy into kinetic energy. A coil gun, which is a type of EML,
can propel a projectile without any mechanical friction so that there is no theoretical limit to the
velocity. A multi-stage system is a way to raise the effectiveness of the coil gun. It accelerates the
projectile by controlling the relations between each stage of the solenoid and projectile. Since a
multi-stage system controls the time needed to apply electric current to the coil depending on the
position of the projectile, the switching time is extremely important. We performed a finite
element analysis using MAXWELL to determine the extent to which the velocity of a multi-stage
coil gun improved compared to a single-stage coil gun. In addition, we verified the two-stage
performance through timing control by designing and producing a two-stage coil gun based on
our research results for a single-stage coil gun. The velocity was increased by 34 % compared to
the single-stage coil gun, and the error compared to the analysis result was 16.4 %.

Keywords: Electromagnetic launcher, electromagnetic launcher, coil gun, finite element analysis,
MAXWELL, muzzle velocity, multi-stage.

1. Introduction

An electromagnetic launcher (EML) propels a projectile by converting electrical energy into
kinetic energy. Thus, it has a significant advantage with respect to storage and maintenance as it
is eco-friendly and stable. Extensive research and development on EMLs is underway worldwide.
It is possible to use an EML to launch a small satellite into space using electromagnetic force, and
to reorganize the development market for large-size satellites into a development market for small-
size satellites.

One way to increase the efficiency of a coil gun is to accelerate a projectile by operating several
coils sequentially. In this study, we made a prototype for coil-gun system and verified its
performance based on the design of a two-stage coil with higher efficiency than a single-stage coil
gun based on this method.

coil projectile

Launching dire
ction
Fig. 1. Principle of the coil gun

A coil gun propels a projectile using the electromagnetic force generated by Fleming’s right
hand law when applying the current to the coil in solenoid form. The coil gun is propelled by force
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that is acting in all directions on the solenoid by passing through the inside of the cylindrical coil.
Fig. 1 shows the principle of the coil gun.

The force acting on the circumference of the projectile by the solenoid is separated into a
component in the direction of the circumference and a component in the direction of the axis by
the solenoid. Out of these, the projectile is propelled by the force in the direction of the axis. In
addition, the force in the direction of the circumference is balanced with the pivot point when the
horizontal axis of the projectile matches the horizontal axis of the flyway tube so that the projectile
can be propelled from the flyway tube without any mechanical friction. Therefore, there is no
theoretical limit to the velocity.

Since a coil gun is largely influenced by the velocity depending on the interval and operation
time, it is required to determine the optimal speed by controlling the operation time of each coil.
The time needed to apply and block the electric current and the operation time of each coil was
determined by conducting finite element analysis using the commercial electromagnetic analysis
software program MAXWELL (ver. 16, ANSOFT, USA).

To measure the velocity of the projectile, we produced a prototype of the coil gun system. The
coil gun prototype is comprised of a power supply, solenoid coil, guide tube, coil gun support
fixture, projectile, and velocity measurement infrared light sensor device. If the projectile is
launched along the guide tube after applying the electric current to each coil, the final velocity of
the projectile will be measured using the velocity measurement infrared light sensor device
installed at the end of the tube.

2. Design of the coil gun
2.1. Coil gun
2.1.1. Structure of coil gun
The whole EML is divided into a coil gun system and electric circuits. As shown in Fig. 2, the

coil gun is comprised of a coil, fly tube, coil bracket, and projectile. The materials for each part
are listed in Table 1.

Fig. 2. Component of the coil gun

The eddy current can be generated in the projectile during the process of propelling the
projectile based on the magnetic force produced by applying current to the coil. Thus, we blocked
the eddy current by selecting a non-magnetic conductor for the flyway tube material. The coil
bracket is included for convenience in the process of coil winding and is made of acrylic material.
The projectile is largely composed of magnetic material parts and non-magnetic material parts.
Since it is propelled in proportion to the magnetic flux density, the magnetic material gains more
momentum as its relative permeability increases. Therefore, the magnetic material of the projectile
should be ferromagnetic, and we selected Permalloy 78 nickel alloy. The diameter of a commonly
used bullet in a real weapon is about 5.56 mm excluding the cartridge case. Thus, the diameter of
the projectile was set to be 6 mm with a length of 23 mm. The projectile is less influenced by
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gravity as the air gap becomes smaller as it passes through the inside of the flyway tube. Thus, the
diameter was set to 0.6 mm with a tube thickness of 0.4 mm. The internal diameter of the solenoid
winding in the flyway tube is 7.2 mm.

Table 1. Structure and materials of coil gun

Part Material
Coil Enamel-coated copper
Flyway tube Aluminum
Coil bracket Acrylic
Projectile Permalloy 78

2.1.2. Design of solenoid

The maximum value and rise time of the electric current flowing over the solenoid is set
depending on the design of the solenoid. The design variables of the solenoid were selected as the
number of turns in the direction of the axis, and the number of turns in the direction of the radius
of the solenoid. The diameter of the coil wire of the solenoid was set to 2 mm. This coil can send
about 5200 A of current for 5 msec. If the electric current is applied less than insoluble 5000 A in
the coil, the number of turns for the maximum magnetic flux density (B) was designed. Table 2
shows the specifications of the designed solenoid. Table 3 shows the electrical properties of the
designed solenoid.

Table 2. Solenoid design Table 3. Electrical properties

Wire diameter 2 mm Input voltage 200V
No. of turns in axis direction 11 turns Coil inductance 0.0946 mH
No. of turns in radius direction | 9 turns Resistance of RLC circuit | 0.0108 Ohms
Internal radius 3.6 mm Capacitance 0.1F

2.1.3. FEM simulation

To analyze the changes in the electrical output as the projectile moves in the coil gun, a finite
element analysis was conducted using the commercial electromagnetic analysis software
MAXWELL. Fig. 3 shows FE model of coils and projectile. Total number of mesh elements is
6338. Fig. 3 shows the input external circuit in MAXWELL to apply electrical properties of the
solenoid coil designed in Section 2.1.1. Fig. 5 indicates the output values according to the launch
of the projectile.

Band
(vaccum)

Projectile
(permalloy 78)

<Enlarged view>

o 100 200 (mm)

Fig. 3. Mesh plot of FE model
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As shown in Fig. 5, there is an area where the electric current is reduced at the middle point of
the solenoid coil and at the point with the highest projectile velocity. This is because the magnetic
flux from the solenoid coil changes with the entry of the projectile (this is called “back-emf™).
Therefore, as the magnetic force has a negative value at this point, it is necessary to block the
application of the electric current and voltage at this point. It is very difficult to block the electric
current and voltage within a short period of time. Therefore, we applied a timing switch control
that blocks the current and voltage at 1.8 msec, depending on the results of the FEA.
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Fig. 4. External circuit of coil gun in MAXWELL
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Fig. 5. a) Input winding current, b) electromagnetic force, ¢) moving speed of projectile

2.2. Design of multi-stage coil gun
2.2.1. Structure of multi-stage coil gun

As a way to improve the efficiency of the coil gun, the use of a multi-stage system accelerates
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the projectile by controlling the relations between each stage of the solenoid and the projectile.
Since the location of the projectile controls the application time of the electric current to the coil,
the switching time is very important.

The voltage of two stages is sequentially applied to each coil using the charging and
discharging circuits shown in Fig. 6. Applying the voltage is a way to control the operation time
depending on the results of the single-stage coil gun test. We now describe the structure of the
two-stage coil gun.

<o
v Rho
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Controller ' '
Signal GND A
1] | C Coil 1
Charging =1 11 Discharging
Controller ¢ o b 11 Controller
(Isolated SSR) 1771 | bl :'i (Isolated SSR) L
‘ Capacitor _ Coil
Power - ESR 7 Resistance A
1 Supply ¢ Coil 2
{ 7'7,: & B
| Charging : Capacitor - Coil
‘ Circuit Bank < Inductance
Power GND vZ
Fig. 6. Characteristic of electrical circuit Fig. 7. Circuit for two-stage coil gun

2.2.2. Electric circuit

It is required to control the charging and discharging timing to activate the coil gun. The
voltage is charged by connecting the power supply and the capacitor through the charging Solid
State Relay (SSR) when charging. In addition, when discharging, the voltage is discharged in the
coil by connecting the capacitor and the coil using the discharging SSR as it controls the charging
SSR. The on/off switch is controlled through the output of the processor after calculating the
charging and discharging time with a microprocessor or digital signal processor (DSP), as shown
in Fig. 6.

The appropriate circuit for the two-stage coil gun is shown in Fig. 7. Also, the governing
equations of motion can be expressed as following Eq. (1):

Ldi+R‘+1f‘dt—0 (D
ac T reEEs

where L: inductance of the coil, C: capacitance of the capacitor, R: series resistance of the coil and
equivalent resistance of the capacitor.

3. Construction and experiment

The muzzle velocity of the projectile was used as a measurement index. The two power
supplies are shown in Fig. 7. The power supplies are touched to each coil. Fig. 8 shows the flow
chart of the experiment method. If the switch of the first fully-charged power supply is turned on,
the voltage is applied to the first coil and blocked within 2 msec. Depending on the time saved in
the timer located between each power supply, the switch of the next coil turns on. When the
launched projectile passes through an infrared light sensor device, the display device indicates the
velocity, and the launch of the projectile will be blocked by the catcher.
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To measure the velocity of the projectile, a prototype of the coil gun system was built as shown
in Fig. 9. The prototype is comprised of a solenoid coil, guide tube, coil gun support fixture, and
projectile, as shown in Fig. 10(a). An infrared light sensor device and display device to measure
the velocity of the projectile are shown in Fig. 10(b). The operating principle is to mark the muzzle
velocity of the projectile on the display device, depending on the input/output calculation, where
infrared light is reflected on a reflecting board located at the top of the infrared light sensor as the
projectile sequentially passes two infrared light sensors located at regular intervals. In addition,
we installed the catcher behind the velocity device to reduce the risk of a rebound of the projectile.
Fig. 10(c) shows the power supply used to apply current to each coil.
®

o ©

Charge and Discharge of capacitor )
\4
( I B ( )
\_ Coil gun ) ‘ \_ Projectile )
' A ( B

Infrared sensor &

\_ Catcher J \_ Display device J I A , L ‘ 1
Fig. 8. Flow chart of the experiment Fig. 9. Configuration of experimental system for testing

<)

Fig. 10. a) Two-stage coil gun system, b) infrared light sensors, c¢) power supplies

As shown in Table 4, the result of experimental test to measure the velocity of the projectile
in the two-stage coil gun system is 54.84 m/s. The error was 16.4 % between experimentally
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determined velocities of 54.84 m/s and 65.6 m/s based on the electromagnetic analysis results
using MAXWELL. Also, the result of numerical simulations is 60.9 m/s. So, the error of the
experimental results compared with the numerical results of the two-stage coil gun system is
10.0 %.

Table 4. Comparison of results

Result type Velocity
Numerical analysis 60.9 m/s
Electromagnetic software analysis | 65.6 m/s
Experimental measurement 54.84 m/s

4. Conclusion

We propose a design for a multi-stage coil gun system with a higher velocity than single
stage coil gun. To elevate the efficiency of an optimally designed single-stage coil gun system, a
multi-stage coil gun system was designed. Since the velocity is proportional to the number of
solenoids in the multi-coil gun system, it is hard to control the muzzle velocity of coil gun.
Therefore, we used the two-stage approach. The first solenoid coil used the optimally-designed
model of the single-stage coil gun system, and the second solenoid coil uses the velocity of the
single-stage coil gun system as its initial velocity.

We built and tested a prototype of the proposed two-stage coil gun system. The velocity of the
projectile of the two-stage coil gun system was measured to be 54.8 m/s. The error compared with
the analysis results of the two-stage coil gun system is 16.4 %. Also, the result of numerical
simulations is 60.9 m/s. So, the error of the experimental results compared with the numerical
results of the two-stage coil gun system is 10.0 %. This high error rate occurred due to the changes
in the magnetic field according to the air resistance, gravity, and thermal energy of the coil. We
expect to conduct additional studies in order to improve the energy efficiency and reduce the error
of the coil gun system.

References

[1] HanJ. M., et al. Research of the Driving Characteristic in the Electromagnetic Launcher by Switching
Circuit. Thesis, Pusan National University, Korea, 2006.

[2] JooS.J., etal. Development of the small electro -magnetic launcher using solenoid coil. Thesis, Pusan
National University, Korea, 2006.

[3] Dennison Eric On-Axis Field of a Finite, Straight, Thin Shell Solenoid. Thesis, 2004.

[4] McNab Ian R. Launch to space with an electromagnetic railgun. IEEE Transactions on Magnetics,
Vol. 39, Issue 1, 2003, p. 295-304.

[S] Fair H. D. Advances in electromagnetic launch science and technology and its applications. IEEE
Transactions on Magnetics, Vol. 45, Issue 1, 2009.

[6] De-man Wang, et al. The magnetic levitation of the projectile in coil guns. IEEE Transactions on
Magnetics, Vol. 33, Issue 1, 1997, p. 195-200.

[71 Becherini Giancarlo, Tellini Bernardo Helicoidal electromagnetic field for coilgun armature
stabilization. IEEE Transactions on Magnetics, Vol. 39, Issue 1, 2003, p. 108-111.

[8] Becherini Giancarlo Gyroscopic stabilization of launch package in induction type coil gun. IEEE
Transactions on Magnetics, Vol. 37, Issue 1, 2001, p. 116-122.

[9] Ki-Bong Kim, et al. In-bore projectile dynamics in the Linear Induction Launcher (LIL). Part 1:
oscillations. IEEE Transactions on Magnetics, Vol. 31, Issue 1, 1995, p. 484-488.

[10] Xu Lizhong, Geng Yanbo Forces of rails for electromagnetic railguns. Applied Mathematical
Modeling, Vol. 36, Issue 4, 2012, p. 1465-1476.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, ISSUE 4. ISSN 1392-8716 2059



2030. DESIGN AND EXPERIMENTS OF MULTI-STAGE COIL GUN SYSTEM.
SU-JEONG LEE, JIN HO KiM, SO0-HYUN Kim

Sujeong Lee received M.S. degree in Mechanical Engineering from Yeungnam
University, Korea, in 2015, respectively. Now she works as the researcher at Gyeongbuk
Institute for Advancement of Eco-Friendly Auto Parts Technology. Her research interests
include electro-magnetic actuating system and dynamics control.

Jinho Kim received Ph.D. degree in Mechanical Engineering from University of
California, Berkeley, USA, in 2005. Now he works as the Associate Professor at school of
mechanical engineering, Yeungnam University, Korea. His research interests include
electric machine, vibration, and design.

Soo-Hyun Kim, Ph.D. is an Associate Professor at School of Materials Science and
Engineering at Yeungnam University of Korea. His main research interests include
advanced thin film technology using atomic layer deposition (ALD) and nano scale device
fabrication. Prior to joining Yeunganm University, he was employed at the R&D Division
of Hynix Semiconductor Inc., Korea from 2003 until 2007. Professor Kim is an author of
more than 80 technical publications and filed or awarded more than 30 U.S. or Korean
patents. Prof. Soo-Hyun Kim received B.S., M. S, and Ph.D. degrees from Seoul National
University, Korea.

2060 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, ISSUE 4. 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 /UseDeviceIndependentColor
  /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


