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Continuous Local Material Model for Cut Edge Effects
in Soft Magnetic Materials

S. Elfgen, S. Steentjes, S. Böhmer, D. Franck, and K. Hameyer

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

Shape-giving production steps in the manufacturing of electrical machines often introduce plastic deformation and residual stress
into the soft magnetic material, thus decreasing the magnetic quality and locally increasing both the static and dynamic hysteresis
losses near the cut edges. Different models have been published, aiming to describe the changing local magnetization and loss
behavior. Current approaches often consider permeability deteriorations by subdividing the soft magnetic material into the slices of
different material properties. Three cut edge models are discussed here, where two describe the changed local polarization and the
third estimates the resulting global iron losses. This paper presents a continuous material model for an efficient numerical model of
the local magnetization. By replacing effortful sliced models, the continuous model is independent of the discretization and converges
in the case of coarse meshes to the sliced model.

Index Terms— Continuous material model, cutting edge, soft magnetic material.

I. INTRODUCTION

D IFFERENT manufacturing techniques, such as laser cut-
ting for prototyping or stamping during production, effect

the local magnetic characteristics in a negative way and further
differ considerably from their effects on the local resulting
iron losses [1]. Depending on geometrical, material, and
processing parameters along with the magnetic field strength,
the iron losses resulting from different cutting techniques
can differ by a factor of two or higher, due to increasing
static and dynamic hysteresis losses [1]–[3]. Determining the
local magnetic properties of soft magnetic materials used, for
example, in electrical machinery, there is an essential part to
consider the design and the finite-element (FE) simulations.
The different cutting techniques introduce mechanical stress
into the material, resulting in a locally decreasing perme-
ability [4]–[6]. The influence of the cut surface gets more
pronounced with the decreasing geometrical sizes leading to
the superposing areas of degraded permeability [3], [4]. To
cope with continuous, locally changing material properties,
different models have been published describing local per-
meability distributions [7]–[9] or aiming at the resulting iron
losses [10]. Current attempts approximate the different local
material properties by subdividing the iron core of a model
into slices [8], [9], [11]. The different material properties
are homogeneous across the corresponding slices. The sliced
approach is lacking due to the constant material properties
inside the subdivision in accuracy. Moreover, the complicated
modeling of slices arises during pre-processing. In light of
these drawbacks, this paper compares different cut surface
models and presents a continuous material model, established
in the numerical FE simulation to describe the local distributed
magnetic material properties. The model presented is based
on the model published in [12]. This paper is structured

Manuscript received August 31, 2015; revised December 7, 2015; accepted
December 21, 2015. Date of publication December 23, 2015; date of
current version April 15, 2016. Corresponding author: S. Elfgen (e-mail:
silas.elfgen@iem.rwth-aachen.de).

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/TMAG.2015.2511451

Fig. 1. Structure of single-sheet sample preparation.

as follows. Section II briefly explains the material charac-
terization performed to identify the model parameters and
compare the loss calculations with measurements. Section III
compares and assesses three different models to consider the
cut surface effects in the FE simulation. Section IV introduces
the continuous material model, its implementation, and the
results of FE simulations using this model. Hysteresis losses
are calculated on the basis of the mentioned models and
compared with the loss measurements described in Section II.
Section V gives a brief discussion on the results along with
an outlook for further studies.

II. MATERIAL SAMPLES AND CHARACTERIZATION

The required model parameters are identified using a set
of single sheets of lamination. Starting with a basic sheet of
120 mm × 120 mm depicted in Fig. 1, samples with smaller
width are consecutively cut out of the basic square. Thereby,
single samples equaling a width b of 120, 60, 30, 15, 10, 5,
and 4 mm are produced. The material used for the sample
set is M330-35A, with Si = 2.9%, Al = 0.4%, P = 10 ppm,
Mn = 0.13%, C = 29 ppm, S = 39 ppm, and an average grain
size of 80 μm. It is cut by a CO2 laser with a gas pressure
of 10 bar, using a speed of 8 (m/min), a power of 1700 W,
and a focus of a 5 in lens. The specimens are magnetically
characterized according to the IEC standard 60404-4 using a
single-sheet tester (SST), the field-metric method, and a quasi-
static excitation. In order to compare the results of the FE sim-
ulations to a measurable geometry, five toroidal cores (TCs)
are considered. The material and cutting parameters used are
equal those of the measured single sheets. The yoke diameter
sizes are 15 mm, 7.5, 5, 3.75, and 2.5 mm.
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III. COMPARISON OF DIFFERENT MODELS

A. Model 1

The first model, published in [13], is based on the con-
servation of energy. Derived therefrom, the model approach
is defined, with the measured polarization Jmeasured, the strip
width b, and the modeled local polarization distribution Ĵ1(x).
The local polarization distribution is defined by the experi-
mentally verified, continuously differentiable function, using
the distance from the center of the strip x , a material specific
parameter A, and the maximum of the local polarization
distribution J0(H ) at a constant magnetic field H

Jmeasured = 1

b

∫ b
2

−b
2

J0
cosh(A) − cosh

(
A x

x0

)
cosh(A) − 1

dx . (1)

The relationship between a measured polarization value and
the modeled local distribution Ĵ1(x) is achieved. This model
provides a strip-width-dependent description of the local
polarization and requires a constant field strength across the
specimen. Three model parameters are defined, namely, para-
meters A, D the gradient at the cut edge (d Ĵ1(x)/dx) = D,
and J0. As the minimizing problem is not explicitly solvable,
a boundary condition is set. In [13], the limit of the modeled
local polarization is set to J0 ≤ 1.1 · Jmeasured. The basis of the
constraint is not explained further, but the deviation between
the locally modeled and the measured polarization values rises
with a higher magnetic field strength. To improve the modeled
material characteristic, a new constraint is introduced limiting
the maximum polarization of smaller strip width J0(b) by
the undamaged specimen J0(b = 120 mm). The improved
local polarization curves are shown in Fig. 2(a). Having a
description of the local polarization, the local permeability can
be calculated considering a constant field strength.

B. Model 2

The second model, published in [12], describes the local
material behavior in terms of a locally dependent relative
permeability. It involves three parameters, the permeability of
an undamaged material sample μr (H, N = 0), the maximum
permeability drop at the cut surface �μcut(H ), and the func-
tion η(x) describing the local deterioration shape

μr (H, x) = μr (H, N = 0) − �μcut(H ) · η(x). (2)

The parameter N equals the amount of cuts applied to a spec-
imen. The local deterioration profile η(x) generally depends
on the cutting method used. In case of mechanical cutting,
hyperbolic profiles are reported [4], [5], [13]. In the case of
laser cutting, different profiles as well as non-symmetrical
distributions are indicated in [14]. In the following, a parabolic
permeability distribution is assumed described by η(x):

η(x) =
{

1 − x

δ
− a · x

δ

(
1 − x

δ

)
∀ 0 ≤ x ≤ δ

0 ∀ x > δ

}
. (3)

The model parameter δ indicates the depth of the area
influenced by the cut surface, while the parameter a is a
compression factor. The maximum permeability drop at the
cut surface �μcut is defined in [12] as the difference between

the permeability of the undamaged specimen and a damaged
one. The expression should be constant for all the measured
strip widths, which is achieved by scaling through a function
value F(N). The parameter identification is based on the
single-sheet measurements mentioned in Section II. The result-
ing characteristic permeability curves are shown in Fig. 2(b),
comparing the modeled permeability to the measurements of
different strip widths. In view of the parameter identification
of the resulting material characteristics, some adaptions have
been made, which are described in Section IV.

C. Model 3

The third model, published in [10], correlates the total
length of the cut ltot of a specimen with the total mass mtot
and defines a cut surface factor S

S = ltot

mtot
= 2 · Ns · l

mtot
with mtot = Ns · l · bs · d · ρ. (4)

The model aims on the resulting iron losses due to the
influence of cut surfaces on the increasing proportion of the
hysteresis losses. A linear description of the resulting losses is
achieved. The model results considering the SST specimens at
the quasi-static excitation are shown in Fig. 2(c). For different
flux density values, a linear description can be used in order
to estimate the resulting iron losses.

D. Comparison of the Models

The assessment of the three models is done in view of
their applicability in the FE simulation, as the aim is a
continuous, local material description considering the cut edge
effects. All three models use SST measurements for model
parameter identification. Models 1 and 2 assume a parabolic
distribution of polarization, which is in accordance with other
micromagnetic measurements [3], [14]. Model 1 comprises
three major drawbacks in view of applicability on physical
applications as an electric machine. First, the local material
property depends on the strip width. Therefore, considering
local material properties during FE calculations on an element
basis requires determining the total material width surrounding
every element. This leads to problems in areas without parallel
boundaries. Second, to identify the local material properties
in terms of permeability according to a defined strip width,
it is necessary to previously know the expected polarization
and the mean flux density across the area. This fact is the
major drawback and clarifies the problems in terms of accuracy
and applicability. Third, a constant magnetic flux across the
specimen is assumed, which is inaccurate in the case of a
toroidal core. In contrast, model 2 is a continuous material
model describing the material properties in dependence on the
distance to the cut edge. Therefore, it is possible to assign
every element of an FE model a proper material characteristic
depending on the magnetic field and the distance to the
cut edge. Therefore, a consideration in the FE simulation
is possible and will be presented in the following. Model 3
provides a scaling factor or a cut edge factor S using rising
hysteresis losses along with a rising amount of cuts.
Consequently, the model can only be used in postprocessing to
scale the hysteresis losses. As shown in Fig. 2(c), the gradient
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Fig. 2. Results of the parameter identification considering (a) model 1 and (b) proposed CM. Furthermore, the identification of (d) and (e) hysteresis
loss parameter dependent on the strip width and (f) resulting, calculated and measured iron loss, considering model 1 along with the proposed CM for
exemplary TCs.

is depending on the mean flux density, and to estimate the
resulting losses, at least two measuring points are required at
a certain flux density for extrapolation. In summary, model 2 is
currently the most suitable model to continuously describe the
local material properties in the FE simulation and is considered
in the following.

IV. CONTINUOUS MATERIAL MODELING

IN FE SIMULATION

To avoid the inaccuracies arising with sliced models in
considering the cut edge effects [8], [9], [11], a continuous
cut edge model based on model 2 is presented and used in
the FE simulation. As mentioned, parameter identification is
performed based on the single-sheet measurements of different
strip widths. This study is carried out on laser cut specimens
due manufacturing reasons; however, the proposed model
offers the possibility of describing other cutting techniques
as punched or shear cut specimen as well. In the process
of parameter identification, accurate results are found when
assuming parameter a to be constant a = 1. The local
deterioration function η(x) is limited by the quotient L/N ,
with L being the total width and N the number of cuts. The
model does not cover a superposition of mechanical stress
from both the cutting surfaces in the case of a small strip
width δ > (b/2), which results partly in an overestimation
of the local permeability, as shown in Fig. 2(b), and leading
to an unsymmetrical polarization distribution. The interval
boundaries are, therefore, replaced by b/2. In order to use
the proposed continuous material model in the FE simula-
tions, an algorithm assigning to each element a corresponding
minimum distance to the cut surface is defined. The distance

Fig. 3. Resulting flux density distribution of a toroidal core of 15 mm
yoke width, using (a) characteristic material curve without cutting effects and
(b) continuously modeled material behavior.

information is used as an additional property of the mesh
element. A material matrix is assembled with a defined number
of nonlinear material characteristics, which correspond to
a particular distance to the cut surface. During simulation,
material characteristics of an FE are assigned by interpolating
the matrix entries according to the proper FE distance to the
cut edge.

A. Iron Loss Calculations

In this section, loss calculations on the TCs are carried out,
using models 1 and 2. As data basis for parameter identifica-
tion, the single-sheet measurements are used. Hence, the TCs
are simulated considering the local material characteristics
shown in Fig. 3. The lower mean flux density across the yoke
along with the magnetic field dependence of the cut edge effect
can be observed. The resulting hysteresis losses are calculated
according to [15] and compared with the measurement results.
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With the identified hysteresis loss parameters a1 and α from
the SST measurements, the hysteresis losses are calculated
considering the local flux density B(x). The dependence on
the strip width b is considered in the loss parameters a1 and α,
as shown in Fig. 2(d) and (e). The loss parameters are
identified using the SST results. In addition, the matching
loss parameters of different TCs are depicted. The hysteresis
losses are calculated by integrating along the local flux density
solutions B(x) defined modeled on the soft magnetic area �

Ehyst =
∫

�
a1(b) · B(x)α(b)d�. (5)

According to model 1, the strip width and the expected
mean flux density are needed to derive the local permeability.
Unaffected simulations are carried out to verify the needed
field strength for a certain flux density and a strip width. The
mentioned drawbacks in view of accuracy are obvious, as the
expected mean flux density will be lower in a cut edge affected
case. In the next step, parameter identification is carried out
according to the assumed polarization and strip width. As the
model does not provide magnetic field dependence and the
local material characteristic is predefined by the model, only
a single linear calculation step is performed. The resulting
hysteresis losses of two TCs considering model 1 and the
presented continuous model (CM) are depicted in Fig. 2(f).
The calculated hysteresis losses of the proposed CM are in
good agreement with the measured losses, whereas model 1
overestimates the losses in the case of the 15 mm toroidal
core.

V. CONCLUSION

Three different approaches considering cut edge effects
were compared in view of applicability in the FE simulation
and its results in view of hysteresis loss calculations. Measured
single-sheet specimens are used to identify the different model
parameters. The advantages of the proposed CM that is only
dependent on the distance to the cut edge are worked out.
Hysteresis losses of TCs are simulated employing the different
models. In the case of the CM, measured and modeled overall
hysteresis losses of the TC areas are generally in good agree-
ment. The applicability of the CM is applied to an exemplary
stator geometry. In view of the continuous material description,
two areas of further studies are necessary. With a rising amount
of cuts, the permeability characteristic degenerates, leading to
an overestimation of the local permeability. The maximum
of the permeability curve shifts to higher field strength with

a rising amount of cuts resulting in model inaccuracy, as the
proposed model uses an exemplary permeability drop �μcut
to describe different material characteristics.

REFERENCES

[1] S. Steentjes, G. von Pfingsten, and K. Hameyer, “An application-oriented
approach for consideration of material degradation effects due to cutting
on iron losses and magnetizability,” IEEE Trans. Magn., vol. 50, no. 11,
Nov. 2014, Art. ID 7027804.

[2] A. Schoppa, J. Schneider, and C.-D. Wuppermann, “Influence of the
manufacturing process on the magnetic properties of non-oriented
electrical steels,” J. Magn. Magn. Mater., vols. 215–216, pp. 74–78,
Jun. 2000.

[3] P. Baudouin, M. De Wulf, L. Kestens, and Y. Houbaert, “The effect of
the guillotine clearance on the magnetic properties of electrical steels,”
J. Magn. Magn. Mater., vol. 256, nos. 1–3, pp. 32–40, Jan. 2003.

[4] F. Ossart, E. Hug, O. Hubert, C. Buvat, and R. Billardon, “Effect
of punching on electrical steels: Experimental and numerical coupled
analysis,” IEEE Trans. Magn., vol. 36, no. 5, pp. 3137–3140, Sep. 2000.

[5] G. Loisos and A. J. Moses, “Effect of mechanical and Nd:YAG laser
cutting on magnetic flux distribution near the cut edge of non-oriented
steels,” J. Mater. Process. Technol., vol. 161, nos. 1–2, pp. 151–155,
Apr. 2005.

[6] H. Naumoski, A. Maucher, L. Vandenbossche, S. Jacobs, U. Herr,
and X. Chassang, “Magneto-optical and field-metric evaluation of the
punching effect on magnetic properties of electrical steels with varying
alloying content and grain size,” in Proc. 4th Int. Electr. Drives Prod.
Conf. (EDPC), Sep./Oct. 2014, pp. 1–9.

[7] K. Fujisaki et al., “Motor core iron loss analysis evaluating shrink fitting
and stamping by finite-element method,” IEEE Trans. Magn., vol. 43,
no. 5, pp. 1950–1954, May 2007.

[8] M. Bali, H. De Gersem, and A. Muetze, “Finite-element modeling of
magnetic material degradation due to punching,” IEEE Trans. Magn.,
vol. 50, no. 2, Feb. 2014, Art. ID 7018404.

[9] L. Vandenbossche, S. Jacobs, X. Jannot, M. McClelland,
J. Saint-Michel, and E. Attrazic, “Iron loss modelling which includes the
impact of punching, applied to high-efficiency induction machines,” in
Proc. 3rd Int. Electr. Drives Prod. Conf. (EDPC), Oct. 2013, pp. 1–10.

[10] B. Hribernik, “Influence of cutting strains on the magnetic anisotropy of
fully processed silicon steel,” J. Magn. Magn. Mater., vol. 26, nos. 1–3,
pp. 72–74, Mar. 1982.

[11] Z. Gmyrek and A. Cavagnino, “Analytical method for determining the
damaged area width in magnetic materials due to punching process,” in
Proc. 37th Annu. Conf. IEEE Ind. Electron. Soc. (IECON), Nov. 2011,
pp. 1764–1769.

[12] L. Vandenbossche, S. Jacobs, F. Henrotte, and K. Hameyer, “Impact
of cut edges in magnetization curves and iron losses in e-machines
for automotive traction,” in Proc. 25th World Battery, Hybrid Fuel
Cell Electr. Vehicle Symp. Exhibit. (EVS), Shenzhen, China, Nov. 2010,
pp. 587–596.

[13] A. P. Schoppa, “Einfluss der be- und verarbeitung auf die magnetis-
chen eigenschaften von schlussgeglühtem, nichtkornorientiertem elek-
troband,” Ph.D. dissertation, Faculty Mech. Eng., RWTH Aachen Univ.,
Aachen, Germany, 2001.

[14] R. Siebert, J. Schneider, and E. Beyer, “Laser cutting and mechanical
cutting of electrical steels and its effect on the magnetic properties,”
Proc. IEEE, vol. 50, no. 4, Apr. 2008, Art. ID 2001904.

[15] G. Bertotti, “General properties of power losses in soft ferromagnetic
materials,” IEEE Trans. Magn., vol. 24, no. 1, pp. 621–630, Jan. 1988.



<<
  /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


