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Application of FE-BECM in Field Analysis
of Induction Coil Gun

Shoubao Liu, Jiangjun Ruan, Yadong Zhang, Yu Zhang, and Yujiao Zhang

Abstract—This paper builds a field model of induction coil gun
based on finite-element and boundary-element coupling method
(FE-BECM). The fundamental of FE-BECM is introduced, and
it is used in open-boundary eddy-current problem to prove its
validity and find a way to reduce a nonconforming error. In the
coil gun’s FE-BECM model, the coil and projectile are discretized
by finite elements; boundary elements are used to discretize the
free space and associate unconnected finite-element regions. In
FE-BECM model, the coordinates of nodes that belong to moving
bodies change when movement occurs. The distribution of mag-
netic flux density and eddy current during the launch process is
displayed. The result of FE-BECM is compared with experimental
data and results of other numerical methods.

Index Terms—Eddy current, finite-element and boundary-
element coupling method (FE-BECM), induction coil gun,
movement.

I. INTRODUCTION

COIL GUN is an importance member in electromagnetic
launch (EML) family [1]. In the analysis of coil gun,

circuit method was widely used. In circuit method, the pro-
jectile is equivalent to a set of concentric conductive rings; all
the excitation coils and conductive rings are replaced by RLC
circuits. The electrical and mechanical equations governing the
behaviors of the system are formulated on the basis of the
adopted equivalent network [2].

The launch process of EML is a complex electromagnetic
transient; the circuit model cannot provide information of field
distribution during launch. In order to realize electromagnetic
optimization design, more and more attention is paid to field
simulation [3].

The field calculation of EML is a problem of eddy-current
field involving movement. With the introduction of movement,
one of the main problems encountered in the numerical analysis
is the management of grid according to the relative movement
of components in system [4]. The method of remeshing is
adopted in finite-element software ANSOFT, and a 2-D coil gun
example is reported in [5]. The technique of sliding meshes is
adopted in MEGA; its application in coil gun field simulation
is introduced in [6]. The use of composite grid method (CGM)
in coil gun’s field simulation can be found in [4] and [7].

Manuscript received January 6, 2010; revised April 9, 2010; accepted
May 16, 2010. Date of publication July 15, 2010; date of current version
January 7, 2011.

S. Liu, J. Ruan, Y. Zhang, and Yj. Zhang are with the School of Electrical
Engineering, Wuhan University, Wuhan 430072, China.

Y. Zhang is with Jiangxi Provincial Electric Power Company, Nanchang
330077, China.

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TPS.2010.2051164

Fig. 1. Structure of solution region.

In this paper, finite-element and boundary-element coupling
method (FE-BECM) is used to build 3-D model of a single-
stage coil gun. In the model, two unconnected regions which
contain excitation coil and projectile, respectively, are meshed
by finite elements; boundary elements exist on the surface of
the two regions to discretize the free space and associate the
two sets of finite elements. When the projectile moves, it only
needs to change the coordinates of nodes in the moving region.
Thus, the trouble of remeshing in conventional finite-element
method (FEM) based on one set of grid is overcome. Compared
with sliding meshes, FE-BECM is able to deal with problems
that contain arbitrary movement; compared with CGM, FE-
BECM is more suitable for parallel computation [8] and more
convenient to operate.

II. FUNDAMENTALS OF FE-BECM

A. Discrete Region and Boundary Condition

The discrete region of FE-BECM is shown in Fig. 1, the con-
sidered region is Ω = ΩFEM1 ∪ ΩFEM2 ∪ ΩBEM, and bound-
ary elements exist on surface ΓBEM = ΓBEMi1 ∪ ΓBEMi2 ∪
ΓBEM∞.

Finite elements of different regions do not have topological
constraint; boundary elements that exist on the surface of FEM
regions discretize free space and associate FEM regions.

On interface between free space and FEM regions, the
boundary condition can be expressed [9]

AFEM = ABEM (1)

∇ · AFEM =∇ · ABEM (2)

ν∇× A × n|FEM = − ν∇× A × n|BEM ⇔ HFEM
t

= − HBEM
t (3)

where ν denotes reluctivity, n denotes the normal vector of
surface of FEM region, and the subscript t in (3) denotes
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tangent direction. The minus signs in (3) are due to the change
of orientation of n on the interface.

B. Finite-Element Formulation

The regions ΩFEMi which contain source and eddy currents
is discretized by finite element; the governing equations in those
regions can be written as

∇× ν∇× A + σ

(
∇φ +

∂A

∂t

)
= J (4)

∇ · σ
(
∇φ +

∂A

∂t

)
= 0 (5)

where σ denotes conductivity. In finite-element region ΩFEMj,
the Galerkin method yields the weak integral formulation of (4)
and (5) as follows [10]:∫

Ωj

ν(∇× Ni) · (∇× A)dΩ −
∫
Γj

ν∇× A × n · NidΓ

+
∫
Ωj

σ

(
∇φ +

∂A

∂t

)
· NidΩ =

∫
Ωj

J · NidΩ (6)

∫
Ωj

σ

(
∇φ +

∂A

∂t

)
· ∇NidΩ = 0. (7)

In (6) and (7), Ni is the shape function of element Ωj , and Γj

is the interface of FEM and BEM regions. The second term on
the left side of (6) can be expressed as

ν∇× A × n = Ht. (8)

By combining (6) and (7), the global stiffness matrix of FEM
reads

K{AFEM, φFEM} − THFEM
t = F (9)

where K is a stiff matrix of FEM and T is the boundary matrix.

C. Boundary-Element Formulation

Boundary elements discretize free space; the governing equa-
tion in free space is written as

∇2A = 0. (10)

By a set of integral transforms of (10), the direct BEM integral
equation is expressed as [11]∫

ΩBEM

A∇2u∗dΩ +
∫

ΓBEM

u∗QdΓ −
∫

ΓBEM

q∗AdΓ = 0

(11)
with

Q = (n · ∇)A (12)

u∗ = 1/4πr (13)

q∗ =
∂u∗

∂n
(14)

where r is the distance between source and field points. Since
the boundary elements only exist on the interface of regions, the
volume integral in (11) is canceled. Thus, we get

ciA +
∫

ΓBEM

q∗AdΓ =
∫

ΓBEM

u∗QdΓ. (15)

Express (15) in a discrete form; thus, the boundary element can
be written as

HABEM = GQBEM. (16)

D. Equivalent Finite-Element Matrix

Combining boundary conditions (2) and (3), one gets [12]

(ng∇)AFEM = −(ng∇)ABEM ⇔ QFEM = −QBEM.
(17)

Therefore, (9) can now be written as

K{AFEM, φFEM} − TQFEM = F . (18)

Because of the boundary conditions (1) and (17), (16) and
(18) can be combined, and we can get the final equations of
FE-BECM in equivalent finite-element matrix

(K + KBEM){AFEM, φFEM} = F (19)

where

KBEM = TG−1H. (20)

Equation (19) is the discrete equation for open-boundary eddy-
current problem with A = 0 at ΓBEM∞, and the domain ΩBEM

has been mapped onto an equivalent FEM matrix KBEM.

III. NONCONFORMING ERROR OF FE-BECM

When the BEM grids are located on the surface of differ-
ent materials, a nonconforming error will be introduced. It
is because field changes sharply on the interface of different
materials [4], [7]. A method to reduce such error is to extend
the region of FEM to include a layer of meshes with the same
material as the BEM grids.

To explore modeling principle and prove the validity of
FE-BECM, models of TEAM workshop problem number 7
(TEAM 7) were built. The description of TEAM 7 can be
found in [13]. According to the form of air layer, three different
FE-BECM models were built.

A. Without Air Layer

In this case, the boundary elements are located on the sur-
face of entities. The coil, aluminum plate, and air block that
wraps observation line are meshed by eight-nodal hexahedral
elements. The interfaces are meshed by quadrilateral elements.
The discretization of that model is shown in Fig. 2.
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Fig. 2. Discretization of FE-BECM model without air layer. (a) FEM ele-
ments. (b) Perspective of BEM elements.

Fig. 3. Discretization of FE-BECM model with two air layers. (a) Perspective
of finite elements. (b) Boundary elements.

Fig. 4. Discretization of FE-BECM model with a whole air layer. (a) Perspec-
tive of FEM elements. (b) BEM elements.

B. With Two Air Layers

In this model, the coil and aluminum plate are wrapped with
air blocks, respectively. The air layers are discretized by four-
nodal tetrahedral elements, as shown in Fig. 3.

C. With a Whole Air Layer

In this model, the coil and aluminum plate are wrapped by a
whole air block (as shown in Fig. 4).

Field distribution of the model is show in Fig. 5.
The discretization information of those FE-BECM models is

listed in Table I.
A comparison of results of the FE-BECM models with

measurement of flux density’s real part on the observation line
is shown in Fig. 6.

From Table I and Fig. 6, we can see that the existence of air
layer has a great influence on the results. In the model wrapped

Fig. 5. Field distribution of FE-BECM model with a whole air layer.
(a) Contour of real part of flux density. (b) Vectogram of real part of eddy
current.

TABLE I
DISCRETIZATION INFORMATION OF THE THREE FE-BECM MODELS

Fig. 6. Results of FE-BECM models and measure.

by a whole air layer, the simulation result achieves good agree-
ment with the measurement result. With the enlargement of air
layer, the numbers of BEM elements and nodes decrease but
the calculation precision is improved. Thus, it is reasonable to
use an air layer and properly enlarge its spatial scope when
building the FE-BECM model to reduce the nonconforming
error in dealing with the open-boundary eddy-current problem.
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Fig. 7. Schematic drawing of single-stage coil gun and dimensions.

Fig. 8. Waveform of excitation current.

Fig. 9. (a) BEM elements on the surface, (b) FEM elements in air layers, and
(c) FEM element in coil and projective.

IV. ANALYSIS OF COIL GUN MODEL

This section analyzes the electromagnetic transient of single-
stage coil gun by FE-BECM. The model (as shown in Fig. 7) is
from [6], where the experimental data and result of 2-D sliding
meshes are available.

The projectile of the coil gun model is an aluminum cylinder
(3E7 S/m). The coil has 60 turns. The waveform of excitation
current is shown in Fig. 8.

According to the analysis result of Section III, two air
layers are used to wrap excitation coil and projectile, respec-
tively. The surface of the two air layers is discretized by
triangular BEM elements; excitation coil, projectile, and air
regions are discretized by hexahedral FEM elements (shown
in Fig. 9).

Fig. 10. (a) Flux density and (b) eddy-current distribution at 0.45 ms.

Fig. 11. (a) Flux density and (b) eddy-current distribution at 0.9 ms.

In every time step, we calculate the flux distribution and
electromagnetic force F on projectile, and F is calculated by a
virtual work method [14]. Then, the movement of projectile is
realized by changing the coordinates of nodes in the moving
region, which include the projectile and the air layer that
wrapped it.

By F and the mass of projectile, we can get the projectile’s
acceleration a, and then, the velocity and location of projectile
can be obtained by following equations:

νn+1 = νn + aΔt (21)

xn+1 =xn + (νn + νn+1)Δt/2 (22)

where νn and νn+1 are the projectile’s velocity of the current
and succeeding times, respectively, in meters per second; xn

and xn+1 is the projectile’s location (in meters) in the direction
of muzzle at the current and succeeding times; and Δt is the
time step in seconds.

The Euler backward difference [15] is used in time dis-
cretization. The value of Δt is 0.03 ms; the initial velocity of
projectile is 0 m/s. In every time, step flux density, eddy-current
density, and electromagnetic force are calculated. By (21) and
(22), the velocity and position of projectile at the succeeding
time are obtained. Then, the coordinates of nodes in the moving
region are changed, and the calculation of the succeeding time
starts.

Field distributions at 0.45 and 0.9 ms are shown in Figs. 10
and 11.

From Figs. 10 and 11, we can see that the maximum magnetic
flux density always appears at the rear part of the projectile,
which is a traveling magnetic field produced by excitation coils
moving ahead with the projectile. The induced eddy current
mainly distributes in the rear part of the projectile. At the two
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Fig. 12. Force waveform of projectile.

Fig. 13. Velocity results of FE-BECM, 3-D CGM, sliding meshes, and
experimental data.

different times, the axial component of eddy current changes
direction; since the direction of excitation current is unchanged,
the direction of flux density produced by the coil is unchanged,
thus leading to the change of the direction of F . The waveform
of F is shown in Fig. 12.

From Fig. 12, we can see that the projectile was accelerated
by the Lorentz force in most time of the launch; since the eddy
current in the rear part of the projectile changes direction in
the last part, the force changed direction, and the projectile was
retarded.

The projectile’s velocity calculated by FE-BECM is shown in
Fig. 13, in which the results obtained from 3-D CGM in [4], 2-D
sliding meshes, and experimental data in [6] are also displayed.
It can be seen from Fig. 13 that the velocity result of FE-BECM
is in reasonable agreement with the experimental data and the
results of other numerical methods.

V. CONCLUSION

The fundamental of FE-BECM has been introduced, and
the nonconforming error of FE-BECM has been analyzed. The
single-stage coil gun’s 3-D FE-BECM model is built, and the
field distribution during launch is obtained. By comparing with
the results of other numerical method and experimental data,
the validity of FE-BECM has been proved.

Since the multistage coil gun gets more and more attention,
FE-BECM should be applied in field analysis of more complex
case. In the field model, the current of excitation coil is not
known in advance; in order to complete the whole analysis
process and predict the electromagnetic performance of the coil
gun system, FE-BECM should be combined with the coil gun’s
existing circuit methods to build the coil gun’s field-circuit
model.

REFERENCES

[1] W. Ying, R. A. Marshall, and C. Shukang, Physics of Electric Launch.
Beijing, China: Science Press, 2004, pp. 136–150.

[2] J. He, E. Levi, Z. Zabar, and L. Birenbaum, “Concerning the design of
capacitively driven induction coil guns,” IEEE Trans. Magn., vol. 17,
no. 3, pp. 429–438, Jun. 1989.

[3] S. Liu, J. Ruan, and D. Huang, “Analysis of inductive coil gun perfor-
mance based on field coupling circuit method,” in Proc. IEEE 6th Int.
Power Electron. Motion Control Conf., Wuhan, China, 2009, pp. 845–849.

[4] Z. Yu, R. Jiangjun, G. Yan, P. Ying, and D. Zhiye, “Application of a
composite grid method in the analysis of 3-D eddy current field involving
movement,” IEEE Trans. Magn., vol. 44, no. 6, pp. 1298–1301, Jun. 2008.

[5] K. Zhao, S. Cheng, and R. Zhang, “Influence of driving current’s wave on
accelerative performance of induction coil launcher,” in Proc. 14th Symp.
Electromagn. Launch Technol., Victoria, BC, Canada, 2008, pp. 1–4.

[6] P. J. Leonard, H. C. Lai, G. Hainsworth, D. Rodger, and J. F. Eastham,
“Analysis of the performance of tubular pulsed coil induction launchers,”
IEEE Trans. Magn., vol. 29, no. 1, pp. 686–690, Jan. 1993.

[7] P. Ying, R. Jiangjun, Z. Yu, and G. Yan, “A composite grid method for
moving conductor eddy-current problem,” IEEE Trans. Magn., vol. 43,
no. 7, pp. 3259–3265, Jul. 2007.

[8] V. Rischmuller, M. Haas, S. Kurz, and W. M. Rucker, “3D transient analy-
sis of electromechanical devices using parallel BEM coupled to FEM,”
IEEE Trans. Magn., vol. 36, no. 4, pp. 1360–1363, Jul. 2000.

[9] S. Kurz, J. Fetzer, and G. Lehner, “An improved algorithm for the
BEM-FEM-coupling method using domain decomposition,” IEEE Trans.
Magn., vol. 31, no. 1, pp. 1727–1740, May 1995.

[10] O. Biro and K. Preis, “On the use of the magnetic vector potential in the
finite-element analysis of three-dimensional eddy currents,” IEEE Trans.
Magn., vol. 25, no. 4, pp. 3145–3159, Jul. 1989.

[11] J. Fetzer, S. Kurz, and G. Lehner, “Comparison of analytical and numer-
ical integration techniques for the boundary integrals in the BEM–FEM
coupling considering TEAM workshop problem no. 13,” IEEE Trans.
Magn., vol. 33, no. 2, pp. 1227–1230, Mar. 1997.

[12] S. Kurz, J. Fetzer, and G. Lehner, “Three dimensional transient
BEM–FEM coupled analysis of electrodynamic levitation problems,”
IEEE Trans. Magn., vol. 32, no. 3, pp. 1062–1065, May 1996.

[13] H. Tsuboi, M. Tanaka, K. Ikeda, and K. Nishimura, “Computation results
of the TEAM workshop problem 7 by finite element methods using tetra-
hedral and hexahedral elements,” J. Mater. Process. Technol., vol. 108,
no. 2, pp. 237–240, Jan. 4, 2001.

[14] A. Benhama, A. C. Williamson, and A. B. J. Reece, “Virtual work
approach to the computation of magnetic force distribution from finite
element field solutions,” Proc. Inst. Elect. Eng.—Electr. Power Appl.,
vol. 147, no. 6, pp. 437–442, Nov. 2000.

[15] K. Yamazaki, S. Watari, and A. Egawa, “Adaptive finite element meshing
for eddy current analysis of moving conductor,” IEEE Trans. Magn.,
vol. 40, no. 2, pp. 993–996, Mar. 2004.

Shoubao Liu was born in Hubei, China, on
September 28, 1983. He received the B.S. degree in
electrical engineering from the Hubei University of
Technology, Wuhan, China, in 2006. He is currently
working toward the Ph.D. degree in applied compu-
tational electromagnetics in the School of Electrical
Engineering, Wuhan University, Wuhan.

His major fields of interest are numerical methods
for electromagnetic-field calculation in engineering
and electromagnetic launch.

Jiangjun Ruan was born in Zhejiang, China, on
June 25, 1968. He received the B.S. and Ph.D.
degrees in electric machine engineering from the
Huazhong University of Science and Technology,
Wuhan, China, in 1990 and 1995, respectively. He
finished his postdoctoral research from the Wuhan
University of Hydraulic and Electrical Engineering,
Wuhan, in 1998.

He is currently a Professor with the School of
Electrical Engineering, Wuhan University, Wuhan.
His research interests include computational electro-

magnetics and high-voltage and insulation technology.



LIU et al.: APPLICATION OF FE-BECM IN FIELD ANALYSIS OF INDUCTION COIL GUN 99

Yadong Zhang was born in Jilin, China, on October
6, 1984. He received the B.S. degree from Wuhan
University, Wuhan, China, in 2006, where he is cur-
rently working toward the Ph.D. degree in the School
of Electrical Engineering.

His major fields of interest are electromagnetic
launch technology and its applications.

Yu Zhang was born in Jiangxi, China, on June 28,
1979. He received the B.S. degree from North China
Electric Power University, Baoding, China, in 2004
and the Ph.D. degree in high-voltage and insulation
technology from Wuhan University, Wuhan, China,
in 2007.

He is currently with the Jiangxi Provincial
Electric Power Company, Nanchang, China. His
research interest is the electromagnetic environment
of ultrahigh-voltage transmission lines.

Yujiao Zhang was born in Hubei, China. She re-
ceived the M.S. degree from the School of Electrical
Engineering, Wuhan University, Wuhan, China, in
2005, where she is currently working toward the
Ph.D. degree in electrical theory and new technology.

Her major fields of interests include numerical
analysis of electromagnetic fields and multiphysics
coupling and its applications in engineering.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


