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Eddy Currents and Non-Conforming Sliding Interfaces
for Motion in 3-D Finite Element Analysis

of Electrical Machines
Stefan Böhmer, Christian Krüttgen, Björn Riemer, and Kay Hameyer

Institute of Electrical Machines, RWTH Aachen University, Aachen D-52062, Germany

This paper presents non-conforming sliding interfaces for motion in 3-D finite element simulations. Sliding interfaces are favorable,
especially for field circuit coupling in comparison to other approaches such as the Lockstep method because an arbitrary position
of the rotor is possible. A previously presented approach by the authors is extended to take eddy-currents into account. The sliding
interfaces approach utilizes specific Lagrange multiplier to handle the relative motion between stator and rotor which require a
magnetic scalar potential formulation. The formulation is presented as well as methods to compute the mandatory cohomology basis
functions.

Index Terms— Cohomology, eddy currents, electrical machines, sliding interfaces.

I. INTRODUCTION

NUMERICAL simulation of electrical machines requires
a flexible implementation of the rotor motion in 2-D and

3-D models. In contrast to the well-known approaches, such as
Moving-Band or Lockstep method, sliding interfaces with non-
conforming meshes between stator and rotor exhibit several
advantages.

1) No remeshing is necessary between different time steps
of a transient simulation.

2) Numerical errors attributable to the modified discretiza-
tion are avoided.

3) Dynamic processes can be simulated with an arbitrary
rotor position.

In particular, the last item is crucial for field circuit cou-
pled finite element (FE) simulations. The continuity of the
magnetic field across the non-conforming interface between
the stationary and moving parts is ensured by the application
of Lagrange multiplier. This yields a saddle point problem,
which cannot be solved by standard iterative Krylov-subspace
algorithms, such as the conjugate gradient algorithm. In order
to preserve the numerical properties of a conforming approach,
the FE-space of the discrete Lagrange multiplier is spanned
by basis functions fulfilling the biorthogonality condition
as described in [2] and applied to electromagnetic field
computation in [3] and [4]. Thereby, the resulting system of
equations is symmetric positive definite and can be solved
by Krylov-subspace algorithms. In 2-D FE models, sliding
interfaces can be applied to the magnetic vector potential
formulation, whereas the required biorthogonal basis functions
cannot be derived in a canonical way for 3-D FE magnetic
vector potential formulations [3], but for magnetic scalar
potential formulations.

Boehmer et al. [1] present a method to realize sliding
interfaces by means of a magnetic scalar potential formulation
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Fig. 1. Topological structure of the considered 3-D domain �, see [5].

for static FE simulations. For the operation of permanent
magnet excited synchronous machines (PMSMs), especially
with surface mounted permanent magnets eddy-current effects
inside the magnets are not negligible. Eddy-current losses
have to be considered particularly if rare earth permanent
magnets with comparable high electrical conductivity are
applied. In this paper, the static t-ω formulation is extended
to allow for the transient computation of magnetic fields
including eddy-current effects in conducting regions.

This paper is organized as follows. After the short
introduction and motivation in this section, the magnetic scalar
potential formulation is described in detail in Section II.
In Section III, two methods to compute the required coho-
mology basis functions are described and compared. Finally,
a transient analysis of an exemplary PMSM is performed to
present first numerical results of the applied method.

II. FORMULATION

Let � be a connected mesh, �nc ⊂ � the non-conducting
domain, �c ⊂ � the domain of all conductors, and ∂�c its
boundary, as shown in Fig. 1. In the following, we are going
to employ the notation of differential forms to identify the
electromagnetic fields. Let W p(�) be the set of differential
forms of degree p which are defined on the domain �.
For example, the magnetic field h is a 1-form, which is
integrated on curves. The flux density b and current density
j are 2-forms and thus are integrated on surfaces. In the non-
conducting domain, one has to solve div b = 0, curl h = 0,
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and b = μ0h with b ∈ B(�nc) and h ∈ H (�nc)

B(�nc) = {b ∈ W 2(�nc), (b − b0) · n = 0 on �b}
H (�nc) = {h ∈ W 1(�nc), curl h · n = 0 on ∂�nc

(h − h0) × n = 0 on �h}. (1)

While div b = 0 can be satisfied by introduction of the
magnetic vector potential a with b = curl a, the situation
is more complicated for curl h = 0. The Poincaré lemma
states that h can be represented by a continuous gradient
field (h = grad ω) in a contractible domain such as a sphere
or a tetrahedron. If the domain contains holes and thus is
not contractible, h cannot be represented by a gradient field
anymore. But, let us first consider only simply connected
non-conducting regions �nc, which are contractible.

A. Simply Connected Non-Conducting Regions

In this case, the magnetic field h = t − grad ω is expressed
by a single-valued magnetic scalar potential ω and an electric
vector potential t with j = curl t and t ∈ T (�c), ω ∈ W (�)
defined on

T (�c) = {t ∈ W 1(�c), curl t · n = 0 on ∂�c}
W (�) = {ω ∈ W 0(�), grad ω × n = 0 on �h}. (2)

In regions without eddy currents, the static formulation can
be applied

−div (μgrad ω) = −div br − div μt0 (3)

where μ is the permeability of the magnetic material. In eddy-
current regions, the formulation of the electromagnetic field
equations derived from the Maxwell equations is given by

curl
1

σ
curl t + (∂tμt − ∂tμgrad ω) = 0 (4)

div (μt − μgrad ω) = −div br (5)

where σ is the specific electric conductivity. By using this
formulation, it is possible to handle electromagnetic field
problems on topological trivial domains. But, this limitation
is not feasible in many cases, where the considered non-
conducting domain contains holes.

B. Multiply Connected Non-Conducting Regions

Let us consider the two cycles c1 and c2 through the holes
of the non-conducting region �nc around �c, as shown in
Fig. 1. If we evaluate the magnetic field h over the cycle
c1 or c2, the result should equal the linked current in the
conducting region to satisfy Ampère’s law. In contradiction
to this, the evaluation of the gradient of the magnetic scalar
potential ω on the corresponding cycle must be zero∫

ci

h = Ii �= 0 =
∫

ci

grad ω. (6)

Thus, it is not possible to describe the magnetic field h in
the non-conducting region only by the gradient of a scalar
potential. One possible solution to solve this issue is to
explicitly define cut surfaces which make the considered non-
conducting domain simply connected and allow a jump of

the magnetic scalar potential ω across the cut [6]. Defining
such cut surfaces is troublesome if the examined geometry
is complicated. The underlying homotopy-based definition of
cuts can cause problems not only, if a knot’s complement is
present [7], but also if simple geometries are considered [8].
Another solution consists of considering the topological struc-
ture of the non-conducting domain, namely homology and
cohomology [5], [8], [9]. Let B1(�nc) be the set of all
gradients and Z1(�nc) the set of all curl-free fields on �nc.
Following De Rham’s theorem, the quotient vector space

H 1(�nc) = Z1(�nc)

B1(�nc)
(7)

is of finite dimension, which is equal to the number of
holes in �nc, respectively, the number of independent loops
N� formed by the conductors. This number plays an important
role in topology and is also called Betti number β1. For
example, if the topological structure shown in Fig. 1 is
examined, the Betti number β1 of the non-conducting domain
equals 2. Hence, the first cohomology group H 1(�nc) repre-
sents the set of curl-free 1-forms which cannot be expressed
by a gradient of a 0-form. These are exactly the forms we need
to eliminate the contradiction in (6). Now, we can express the
magnetic field h by

h = t − grad ω +
β1∑

k=0

Ik tk (8)

where tk ∈ H 1(�nc) are representatives of the first
cohomology group H 1(�nc) and the coefficients Ik are the
linked currents corresponding to cycles in the first homology
group H1(�nc). This group is defined as the set of all closed
curves in �nc which are not the boundary of any surface in �nc

H1(�nc) = Z1(�nc)

B1(�nc)
. (9)

The De Rham’s theorem states that the first homology group
is isomorphic to the first cohomology group H1(�nc) ∼=
H 1(�nc). Thus, the two cycles c1, c2 ∈ H1(�nc) in Fig. 1
correspond to the linked currents I1 and I2 through the cross
section surfaces �1 and �2 of the conducting region. The
coefficients Ik may either be determined as excitation currents
or are additional unknowns in eddy-current regions. If the
second case applies, the system matrix is extended by a non-
local equation regarding to the additional unknown.

In the following section, we are going to outline the dif-
ferent possibilities to compute the required cohomology basis
functions.

III. COHOMOLOGY COMPUTATION

The connection between cuts for the magnetic scalar poten-
tial formulation and homology has been stated by Kotiuga
almost 30 years ago [10]. Nevertheless, mainly heuristic
approaches have been widely used to construct cuts for elec-
tromagnetic field problems due to the computational complex-
ity of the homology and cohomology computation. By the
straight forward approach, the cohomology groups can be
computed by exploiting the Smith normal form (SNF) integer
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Fig. 2. Representatives of the first cohomology and homology group for example 3-D conducting torus (blue) contained in air. (a) Homology basis functions
computed by Gmsh (orange) and constructed manually (blue). (b) Cohomology basis function, Gmsh. (c) Cohomology basis function, iMOOSE .

matrix decomposition. This algorithm exhibits a complexity
of O(n3) with n being the number of edges in the considered
domain. Therefore, it is not a feasible method to solve a elec-
tromagnetic field problem. In contrast to this, nowadays, there
exist different approaches to compute cohomology groups in
a reasonable time. In the following, we employ two different
kinds of algorithms:

1) tree-cotree decomposition;
2) reduction techniques.

The first algorithm has been presented in [5] and generates a
basis for the first cohomology group by the use of spanning
trees. For this purpose, a basis for the first homology group
H1(�nc) has to be given as input, which can be constructed
manually in the modeling phase of the geometry. For example,
representatives of H1(�nc) in Fig. 1 are obtained from the
union of all edges of �i and ∂�nc. The termination of
the algorithm depends strongly on the generated spanning
tree, but also if the advantageous breadth first search is
used to construct the tree, termination is not assured. Hence,
Boehmer et al. [1] present a modification of the algorithm
whose termination can be proofed.

Cohomology computation by reduction techniques consist
of three steps:

1) create the chain complex corresponding to the FE mesh,
which represents the topological structure of the domain;

2) homology invariant reduction of the chain complex [11];
3) SNF integer matrix decomposition.

The size of the chain complex after reduction is usually much
smaller than the original complex, so that the high complex-
ity of the SNF is no problem for the efficiency. Another
approach utilizing so called lazy cohomology generators for
application in electromagnetic field problems has recently been
published [12].

In the following, both algorithms are applied to example
geometry. The first one is implemented in the institute’s
in-house FE-package iMOOSE [www.iem.rwth-aachen.de]
and a reduction technique algorithm [13] provided in
Gmsh [14] is employed. The example geometry consists of
a conducting torus contained entirely in air as shown in
Fig. 2, which results in a Betti number β1 = 1. The required

Fig. 3. Geometry of testcase PMSM.

representative of the first homology group H1(�nc) for
iMOOSE has been created in beforehand and is visualized in
blue color in Fig. 2(a) lying on the surface of the conducting
torus ∂�c. The same figure shows the first homology group
computed by Gmsh as highlighted orange edges. The support
of the first cohomology basis constructed by iMOOSE and
Gmsh can be observed from Fig. 2(b) and (c), respectively.
The illustration indicates that the reduction algorithm exploited
in Gmsh results in a much smaller support of edges of the
cohomology basis function (#edges: 377) in comparison to the
spanning tree algorithm in iMOOSE (#edges: 849). A smaller
support is desired for the subsequent FE computation leading
to fewer non-zero entries in the system matrix and hence to
a better convergence of the iterative solution of the linear
equation system. In addition, the time required for the coho-
molgy computation in Gmsh is smaller when compared with
iMOOSE, which may be due to the inefficient implementation
in the scripting language Python in iMOOSE. Regarding these
points, we are going to utilize the implementation in Gmsh for
further applications.

IV. NUMERICAL RESULTS

The presented formulation has been implemented in the
institute’s in-house FE-package iMOOSE and is applied to
a PMSM shown in Fig. 3. The considered machine has an
active magnetic length of 120 mm and an outer stator radius
of 65 mm. The rotor has four surface mounted permanent
magnets, which have a height of 3 mm and are parallel
magnetized with a remanence flux density of br = 1 T.
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TABLE I

FURTHER GEOMETRIC PARAMETERS

Fig. 4. Eddy currents in surface mounted magnets.

Fig. 5. Comparison of resulting torque with different approaches: magnetic
vector potential and Lockstep method versus magnetic scalar potential and
sliding interfaces.

The magnets are segmented into four parts in axial direction,
each having a length of 30 mm, to avoid eddy currents
along the entire axial length. So, it is sufficient to consider
a model with the length of one segment. Further details of the
geometric parameters can be found in Table I. The simulated
operation point is selected to a speed of n = 4000 min−1 and
a current of I = 5 A in each winding phase with 90 turns per
coil. The 3-D geometry has been meshed in such a way, that
it can be used for the Lockstep method, using a formulation
with the magnetic vector potential as a reference simulation.
The increment of the rotational displacement is fixed to
	α = 2°. Nevertheless, the magnetic scalar potential
approach was simulated with the sliding interface method.
Application of the magnetic vector potential formulation
results in ∼3 million degrees of freedom, whereas the
magnetic scalar potential formulation only requires 600 000
unknowns. Fig. 4 shows the resulting eddy-current distribution
in the surface mounted permanent magnets. The resulting

torque of the magnetic scalar and vector potential formulations
has been calculated and scaled to the equivalent full length
PMSM torque. These torques are compared in Fig. 5 and show
a good agreement.

V. CONCLUSION

This paper presents a magnetic scalar potential formulation
for the use with sliding interfaces to analyze eddy currents
in rotating electrical machines. The advantages of the sliding
interfaces method, especially the arbitrary rotor position for
dynamic processes without remeshing, can now be utilized
also in the field of eddy-current problems.

Furthermore, the advantage of the magnetic scalar potential
formulation, which consists of a much lower number of
degrees of freedom in contrast to magnetic vector potential
formulations, resulting in smaller computational efforts is an
additional benefit in 3-D FE analysis of electrical machines.

Future research will include the application on more com-
plex problems and field circuit coupling to show the advantage
of the arbitrary rotor position in contrast to the Lockstep
method.

REFERENCES

[1] S. Boehmer, E. Lange, and K. Hameyer, “Non-conforming sliding
interfaces for relative motion in 3D finite element analysis of electrical
machines by magnetic scalar potential formulation without cuts,” IEEE
Trans. Magn., vol. 49, no. 5, pp. 1833–1836, May 2013.

[2] B. Wohlmuth, “A comparison of dual lagrange multiplier spaces for
mortar finite element discretizations,” ESAIM, Math. Model. Numer.
Anal., vol. 36, no. 6, pp. 995–1012, Nov. 2002.

[3] E. Lange, F. Henrotte, and K. Hameyer, “Biorthogonal shape functions
for nonconforming sliding interfaces in 3-D electrical machine FE
models with motion,” IEEE Trans. Magn., vol. 48, no. 2, pp. 855–858,
Jan. 2012.

[4] E. Lange, F. Henrotte, and K. Hameyer, “A variational formulation
for nonconforming sliding interfaces in finite element analysis of elec-
tric machines,” IEEE Trans. Magn., vol. 46, no. 8, pp. 2755–2758,
Aug. 2010.

[5] F. Henrotte and K. Hameyer, “An algorithm to construct the dis-
crete cohomology basis functions required for magnetic scalar poten-
tial formulations without cuts,” IEEE Trans. Magn., vol. 39, no. 3,
pp. 1167–1170, May 2003.

[6] Z. Ren, “T-� formulation for eddy-current problems in multiply con-
nected regions,” IEEE Trans. Magn., vol. 38, no. 2, pp. 557–560,
Mar. 2002.

[7] A. Bossavit, Computational Electromagnetism: Variational Formu-
lations, Complementarity, Edge Elements. New York, NY, USA:
Academic, 1998.

[8] P. Dlotko and R. Specogna, “Cohomology in 3D magneto-quasistatics
modeling,” Commun. Comput. Phys., vol. 14, no. 1, pp. 48–76,
Jan. 2013.

[9] M. Pellikka, S. Suuriniemi, L. Kettunen, and C. Geuzaine, “Homology
and cohomology computation in finite element modeling,” SIAM J. Sci.
Comput., vol. 35, no. 5, pp. B1195–B1214, 2013.

[10] P. R. Kotiuga, “On making cuts for magnetic scalar potentials in multiply
connected regions,” J. Appl. Phys., vol. 61, no. 8, pp. 3916–3918, 1987.

[11] T. Kaczyski, M. Mrozek, and M. Lusarek, “Homology computation by
reduction of chain complexes,” Comput. Math. Appl., vol. 35, no. 4,
pp. 59–70, Feb. 1998.

[12] P. Dlotko and R. Specogna, “Lazy cohomology generators: A break-
through in (Co)homology computations for CEM,” IEEE Trans. Magn.,
vol. 50, no. 2, Feb. 2014, Art. ID 7014204.

[13] M. Pellikka, S. Suuriniemi, and L. Kettunen, “Powerful heuristics and
basis selection bring computational homology to engineers,” IEEE Trans.
Magn., vol. 47, no. 5, pp. 1226–1229, May 2011.

[14] C. Geuzaine and J.-F. Remacle, “Gmsh: A 3-D finite element mesh
generator with built-in pre- and post-processing facilities,” Int. J. Numer.
Methods Eng., vol. 79, no. 11, pp. 1309–1331, Sep. 2009.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 0.76
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 0.76
    /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


