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Residual Magnetic Flux Density Distribution Calculation Considering
Effect of Aligning Field for Anisotropic Bonded NdFeB Magnets

Dianhai Zhang', Yu Han*, Ziyan Ren*, Yanli Zhang* and Chang-Seop Koh**

Abstract — This paper presents a calculation method of residual magnetic flux density distribution for
a four-pole anisotropic bonded NdFeB permanent magnet (PM) considering the effect of aligning
magnetic field during the forming process. To manufacture the anisotropic bonded NdFeB magnet, the
magnet powder needs to be aligned with a proper aligning field before magnetizing. Therefore, it is
necessary to analyze the magnetizing process based on the aligning field analysis to determine accurate
distribution of residual magnetic flux density (B,) for the anisotropic bonded NdFeB PM. In order to
estimate the B, distribution of the anisotropic bonded NdFeB magnet, an analysis method by
combining the external electric circuit equation coupled with the transient finite element method and

the scalar Jiles-Atherton hysteresis model is proposed.

Keywords: Aligning magnetic field, Anisotropic bonded NdFeB magnet, Finite element method,

Forming process, Magnetizing analysis

1. Introduction

In order to design high performance permanent magnet
(PM) machine, the PM type selection is essential.
Nowadays, the PM machine utilizing NdFeB magnet is
popular due to its high efficiency, high power density,
and simple structure [1, 2]. On one hand, according to the
manufacturing process, the NdFeB magnet can be
classified into sintered and bonded types. On the other
hand, according to the characteristics of magnet powders, it
can be classified into isotropic and anisotropic ones [3-5].
Among different types of PMs, the anisotropic bonded
NdFeB magnets are more attractive to the low power
applications. The main reason is that they have lower cost
around 150 $/kg and higher structure flexibility than the
sintered ones (200 $/kg). Furthermore, they have relatively
higher B, (~0.98 T) and maximum magnetic energy product
(BH)max (~175kJ/m?) than the conventional isotropic
bonded NdFeB magnets with B, of 0.71 T and (BH)y., of
80 kJ/m® [6, 7].

To align the anisotropic magnet powders, the
manufacture of the anisotropic bonded NdFeB magnet
requires a proper and enough strong magnetic fields which
is named aligning magnetic field. The aligning magnetic
field, which is generated by a four-pole electromagnet, can
be either a radial pattern or a polar pattern [8, 9]. Following
the molding process, the magnet powder, which is
uniformly distributed and fixed with the resin in the PM, is
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aligned with the aligning magnetic field. However, it is not
fully magnetized and has to be magnetized by impulse
magnetization at a considerably high field level [10].

Although the magnetic property of the anisotropic
bonded NdFeB magnet such as B,, mainly depends on the
orientation ratio of particles decided by the aligning
magnetic field, there does not exist any general guidance
for magnetizing the anisotropic bonded NdFeB magnet.

In the forgoing researches, there are some contributions
that investigate the effect of aligning magnetic field for the
anisotropic bonded NdFeB magnet. However, in [8], [9],
and [11], authors only explained the effect of aligning
magnetic field on the magnet itself, the effect on the
magnetizing process was not mentioned. In [12], authors
described the effect of aligning magnetic field on the
magnetizing process for the anisotropic bonded NdFeB
magnet. However, the detailed description was not given in
their papers. Furthermore, in all of these contributions, the
hysteresis property of magnet was not considered.

In this paper, a numerical method which combines the
finite element method (FEM) is proposed to predict B,
distribution of the anisotropic bonded NdFeB magnet.
Before magnetizing analysis, the aligning field analysis is
carried out and the local magnetic property of the PM
determined by the aligning magnetic field is calculated.

2. Molding Process Analysis of Anisotropic Bonded
NdFeB PM with Aligning Magnetic Field

The anisotropic bonded NdFeB magnets are developed
with anisotropic magnet powders, which are manufactured
through the dynamic hydrogenation decomposition,
desorption recombination (d-HDDR) treatment, and the
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resin compound. The mixture, and then, is filled with 2500-
4000kg/m® filling density in the molding tool. As the
temperature of the molding tool increases around 100-
150°C under the pressure of 0.4 GPa, the compound melts
and the magnet powders suspend in the semi-liquid.
Meanwhile, surrounding the molding tool, a four-pole DC
electromagnet is assembled to generate a strong magnetic
field so that the magnet particles can be enforced to rotate
and attempt to align the direction of the magnetic field
vector. This DC magnetic field is called aligning magnetic
field. The aligning mechanism of the magnet powder is
sketched in Fig. 1. After that, the semi-liquid component is
cooled until room temperature and the prepared magnet is
manufactured.

Fig. 2 shows a quarter of the designed powder aligning
fixture, which consists of a four-pole DC electromagnet
and a molding tool. The inner side of the molding tool
cavity is a solid cylinder made of low carbon steel while
the outer side is a non-magnetic hard alloy ring. Between
the molding tool and the electromagnet, the magnetic and
non-magnetic alloys are arranged across each other to
concentrate the magnetic flux, which is generated by the
electromagnet.

To investigate the effect of the aligning magnetic field
on magnetic properties of the anisotropic bonded NdFeB
magnet, the anisotropic bonded NdFeB magnet samples
with different aligning fields are prepared. The magnetic
properties are measured by using the PM hysteresis loop
measurement instrument. From Fig. 3, it can be seen that
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with increasing the aligning magnetic field, the residual
magnetic flux density B, and maximum magnetic energy
product (BH),,,., are enhanced, especially at the region of a
low aligning field. Even though the intrinsic coercive force
(;H,) of the magnet is slightly reduced, it can be said that
the increasing aligning field can improve the magnetic
properties of the magnet. Moreover, the orientation of the
anisotropic bonded NdFeB magnet is determined by the
aligning magnetic field. It should be noted that the
prepared anisotropic bonded NdFeB magnet does not have
magnetism after forming process. Therefore, before using,
the magnet has to be magnetized by applying an enough
strong impulse magnetic field. This impulse magnetic field
is called magnetizing field. Before the magnetizing process
analysis, the aligning magnetic field based on the magneto-
static FEM is analyzed firstly. In this analysis, the PM
region is taken as air and the permeability of this region
equals to the permeability of vacuum .

After above analysis, the magnetic flux density B vector
in the cavity of the molding tool is determined and based
on vectors of the aligning magnetic field and the
magnetizing field at the specific element, the effective
magnetic flux density component is determined as shown
in Fig. 4. The component of B can be calculated as follows:

Bcomp = Bmag : dalign (1
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Fig. 3. Magnetic properties of PM with different aligning
magnetic fields
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Fig. 4. Effective magnetic field component determined
from aligning field and magnetizing field
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where the B, and the B, are magnitudes of effective
components of B and magnetizing field, respectively, and
dign 18 the direction vector of the aligning magnetic field.
Not only the direction but also the magnitude of the
aligning magnetic field has effect on the magnetic
properties of the magnet. Therefore, it is necessary to
distinguish magnetic properties based on the magnitude of
the aligning magnetic field. In this article, four different
cases are considered, as shown in Fig. 5. For example, for
case IV, there is the largest aligning magnetic field around
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Fig. 6. Flow chart of aligning magnetic field analysis
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2.5 T, so the corresponding measured initial magnetization
curve and demagnetization curves are selected and applied.
For case I, in the transition region of PM, the aligning
magnetic field is almost zero, so the initial magnetization
curve and demagnetization curves which are measured
according to this case, is selected. Apart from case [ and IV,
the magnetic properties named case II with aligning
magnetic field of 0.5 T and case III with the aligning
magnetic field of 1.5 T are also applied. In order to
combine the analysis of aligning field with magnetizing
analysis, the post process of the aligning magnetic field
analysis is applied and the flow chart of this process is
shown in Fig. 6.

3. Calculation of B, Distribution Considering
Effect of Forming Process

After forming process, the prepared magnet is required
to be fully magnetized by a considerably strong magnetizing
field which is generated by a capacitor discharge impulse
magnetizer. The fundamental equation for magnetizing
analysis of PM is treated as an unknown voltage source
initial value problem coupled with an external electric
circuit equation. Due to the relatively low conductivity of
the prepared bonded magnet material around 2.9x10* S/m
and the laminated back yoke for the magnetizer, the effects
of eddy current in the analysis are ignored without loss of
accuracy. The field governing equation in the FEM is
written as follows:

rot(vrot?l) =J, +r1otM 2)

where v is the medium reluctivity, 4 is the magnetic vector
potential, J is the applied current density determined by
the external electric circuit equation, and M is the
magnetization of the magnet.

When the transient FEM coupling with external electric
circuit is applied, the current is unknown. The voltage
equation of the equivalent electric circuit shown in Fig. 7
derived from Kirchhoff’s voltage law is shown as follows:

dy(t di(t t
—V:h( )+Ri(t)+L0%—%:0 3)
I R
—NMN— " :
!

Fig. 7. Equivalent circuit of magnetizing fixture
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where i is the flux linkage of the exciting winding, ¢ is the
instantaneous charge of the capacitor, R is the resistance of
total winding for one pole, and L, is the leakage inductance
of the winding. The relationship between the discharge
current i (f) and the discharge voltage v (¢) on the capacitor
C is shown as follows:

i(1) =—c el )

In order to simplify the analysis process, after achieving
the maximum B for each element, the magnetization in the
PM is assumed to increase or decrease monotonically. The
overall algorithm can be summarized as follows:

Step 1. Analyze magnetization during the ascent stage of
magnetic field according to initial magnetization
curves;

Step 2. After achieving maximum B in Step 1, the
magnetization is calculated from the hysteresis
loops modeled by the Jiles-Atherton (J-A) hysteresis
model.

The magnetizing process is analyzed step by step until
the discharge current decreasing to zero, then the
magnetization of PM is recorded and treated as residual
magnetization of PM (M,). The M, saved in each element of
PM can be used to the following numerical analysis.

In order to analyze the magnetizing process of the

Table 1. Parameters of Jiles-Atherton model under different
aligning magnetic fields

B J M, a k c a
0 0.0-0.5 | 699890 | 1090993 | 1499974 | 0.6423 5.1626
0.5- 1198775 | 1538301 | 1499990 | 0.3286 3.7499
05 0.0-0.5 | 531516 | 1627379 | 1499993 | 0.7343 9.0468
0.5- 1564346 | 2048075 | 1426006 | 0.2431 4.2640
15 0.0-0.5 | 594037 | 1402913 | 1243135 | 0.6809 6.7241
0.5- 1693754 | 2219122 | 1267393 | 0.1858 | 4.1449
25 0.0-0.5 | 590859 | 1453815 | 1260423 | 0.6899 7.1242
0.5- 1705595 | 2112890 | 1352216 | 0.2180 3.9897

J: Magnetic Polarization (T), B: Aligning Magnetic Flux Density (T)
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Fig. 8. Initial magnetization curves under different aligning
magnetic fields

magnet, the magnetization needs to be estimated at each
time step.

At the beginning, the magnetization is determined by
initial magnetization curves based on the magnitude of
aligning field. Fig. 8 shows the measured initial magneti-
zation curves under different aligning fields. According to
the level of aligning field in the specific element, the
magnetization is calculated by the linear interpolation or
extrapolation of measured curves.

After achieving the maximum value of magnetic flux
density for each element in PM region, the magnetization
is determined from hysteresis loops which are modeled by
the J-A hysteresis model [13].

Due to effect of aligning magnetic field during the
molding process, the hysteresis characteristics need to be
modeled according to different values. The identified J-A
model parameters are listed in Table 1.

4. Numerical Results

Fig. 9 shows the analyzed model of the magnetizing
fixture. Due to the symmetry of the model, the analysis
region is reduced to a quarter of the whole region for
saving the computing cost. The model mainly consists of
outer and inner yokes, outer and inner coils, and magnet.
The corresponding specification is listed in Table 2.

After analyzing the model by the aforementioned
algorithm, the analysis results of the anisotropic bonded
NdFeB magnet can be achieved.

The discharge current and voltage waveforms of the
capacitor from 0 to 1.0 milliseconds (ms) are shown in Fig.
10. The discharge voltage decreases from initial value 1800
V to zero at 1.0 ms. And the maximum discharge current

Table 2. Specification of the magnetizing fixture

R[Q] | C[uF] V.o[V] | No. of poles |No. of turns| Length [mm]
0.11 2000 1800 4 7 50.0

R: Winding resistance, C: Capacitance on the capacitor, Vo: Initial
voltage on the capacitor.

Fig. 9. Analyzed model of the magnetizer
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Fig. 11. B, vector distribution of the PM after magnetizing
process

increases until around 10 kA at 0.18 ms, and then it reduces
to 0 at 1.0 ms. The peak current generates a considerably
strong magnetic flux density to magnetize the magnet
sufficiently.

Fig. 11 shows the B, vectors distribution of each element
in the PM region at the discharge voltage of 1800 V and
capacitance of 2000 pF.

It is difficult to measure the B, vector distribution for a
ring magnet directly. In order to validate the analyzed B,
distribution, the experimental equipment, which consists of
four-pole magnetized ring magnet and a magnetic back
yoke with thickness of 1.5 mm is built. The normal
component of the magnetic flux density (B,,) along the
inner surface of the magnet is measured by a Gauss meter.
After the magnetizing analysis by using the proposed
algorithm, the B, of each element in the PM region is
determined and the data is imported into the analyzed
model of experimental equipment. By applying the FEA to
this model, the flux line distribution is obtained as shown
in Fig. 12. If the analysis results of B, vector distribution in
ring magnet are correct, the analyzed surface magnetic flux
density distribution along the inner surface of the magnet,
such as the testing point in Fig. 12, should be same as the
measurement results. Therefore, this method can be applied
to verify the accuracy of the proposed algorithm. Fig. 13
shows the comparison of measured B distribution (red
square) and calculated one (black line) by the improved

1320 | J Electr Eng Technol.2016; 11(5): 1316-1322
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Fig. 12. The flux line distribution of the experimental
equipment
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Fig. 13. Normal component of B at the inner surface of
magnet with aligning condition of the PM

algorithm. It can be seen that the two results agrees well.
The hysteresis properties of anisotropic bonded NdFeB
magnet depend on the aligning magnetic field. The
distribution of the aligning magnetic field depends on the
structure of the powder aligning fixture. Actually, in the
magnet, the aligning B vectors are different everywhere.
Therefore, the hysteresis properties, in the magnet, are also
different everywhere. To consider the effect of the aligning
magnetic field on hysteresis properties of the magnet, it is
better to measure many anisotropic magnet samples at
different aligning magnetic field levels. However, it is
impossible to cover every aligning magnetic field cases.
Therefore, in the proposed algorithm, the hysteresis
properties at four different aligning magnetic field levels
0T, 0.5T, 1.5T, 2.5T are considered. In order to verify the
validity of the proposed algorithm on the accuracy of B,
distribution calculation, the following four analyses are
carried out: magnetizing analysis considering hysteresis
characteristics only when the aligning magnetic fields are 0
T, 0.5 T, 1.5 T, and 2.5 T, respectively. Among the four
analyses, the influence of aligning magnetic field direction
is ignored. Fig. 13 compares the distribution of normal
component of surface magnetic flux density of PM among
different cases. It is obvious that, the improved algorithm
can give better result than the other cases. Fig. 14 shows
the surface magnetic flux density distribution with different
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Fig. 14. Radial component of B at the inner surface of
magnet with different thicknesses of the PM

thicknesses of the magnet. From the figure, the magnetic
flux density of PM is approximately direct proportional to
the thickness of the PM

5. Conclusion

A numerical algorithm for calculating B, vector
distribution of the anisotropic bonded NdFeB PM
considering effect of the aligning magnetic field during the
forming process is presented.

During the magnetizing analysis, the effective magnetic
flux density is calculated according to the direction of the
aligning magnetic field and magnetic properties of PM is
determined element by element in the FE model based on
the magnitude of aligning magnetic field.

In order to consider hysteresis characteristics of PM, the
J-A hysteresis model is applied to simulate hysteresis loops
of PM according to the identified parameters based on
measurement results.

By applying the proposed algorithm, the accurate B,
vector distributions in PM are determined. Based on the
analysis results, the surface magnetic flux density is
approximately proportion to the thickness of the magnet.

Acknowledgements

This work was supported by the National Natural
Science Foundation of China under Grant 51507105, and
the Research Programs funded by Ministry of Education
in Liaoning Province under Grants 12014045 and
LZ2015056.

References

[1] D. K. Jang and J. H. Chang, “Performance com-
parison of PM synchronous and PM vernier machines
based on equal output power per unit volume,”
Journal of Electrical Engineering & Technology, vol.

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

11, no. 1, pp. 150-156, Jan. 2016.

W. Y. Jo, I. I. Lee, Y. H. Cho, D. H. Koo et al.,
“Design and analysis of axial flux permanent magnet
synchronous machine,” Journal of Electrical Engi-
neering & Technology, vol. 2, no. 1, pp. 61-67, Mar.
2007.

M. Yue, J. X. Zhang, Y. F. Xiao, G. P. Wang et al.,
“New kind of NdFeB magnet prepared by spark
plasma sintering,” IEEE Trans. Magn., vol. 39, no. 6,
pp- 3551-3553, Nov. 2003.

C. Mishima, N. Hamada, H. Mitarai, and Y. Honkura,
“Development of a Co-Free NdFeB anisotropic
bonded magnet produced from the d-HDDR pro-
cessed powder,” IEEE Trans. Magn., vol. 37, no. 4,
pp- 2467-2470, Jul. 2001.

N. Hamada, C. Mishima, H. Mitarai, and Y. Honkura,
“Development of Nd-Fe-B anisotropic bonded
magnet with 27 MGQOe,” IEEE Trans. Magn., vol. 39,
no. 5, pp. 2953-2955, Sep. 2003.

H. J. Kim, C. S. Koh, and P. S. Shin, “A new
anisotropic bonded NdFeB permanent magnet and its
application to a small DC motor,” IEEE Trans. Magn.,
vol. 46, no. 6, pp. 2314-2317, Jun. 2010.

H. J. Kim, D. H. Kim, C. S. Koh, and P. S. Shin,
“Application of polar anisotropic NdFeB ring-type
permanent magnet to brushless DC motor,” [EEE
Trans. Magn., vol. 43, no. 6, pp. 2522-2524, Jun. 2007.
D. J. Kinsey, S. J. Lillywhite, G. W. Jewell, J. D. Ede
et al.,, “Design of powder aligning systems for the
compression molding of radially anisotropic perma-
nent magnet rings,” J. Appl. Phys., vol. 91, no. 10, pp.
8837-8839, 2002.

D. J. Kinsey, G. W. Jewell, D. Howe, A. J. Williams.
et al., “Electromagnetic design optimization of a
powder aligning fixture for a compression-molded
anisotropic NdFeB ring magnet,” IEEE Trans. Magn.,
vol. 40, no. 3, pp. 1702-1707, May. 2004.

Y. Kawase, T. Yamaguchi, N. Mimura, M. Igata et al.,
“Analysis of magnetizing process using discharge
current of capacitor by 3-D finite-element method,”
IEEE Trans. Magn., vol. 38, no. 2, pp. 1145-1148,
Mar. 2002.

Z. Q. Zhu, Z. P. Xia, K. Atallah, G. W. Jewell et al.,
“Powder alignment system for anisotropic bonded
NdFeB halbach cylinders” IEEE Trans. Magn., vol.
36, no. 5, pp. 3349-3352, Sep. 2000.

C. D. Riley, G. W. Jewell, and D. Howe, “Finite
element modeling of powder aligning and multi-pole
magnetizing systems for anisotropic bonded perma-
nent magnets,” J. Appl. Phys., vol. 79, no. 8, pp. 6342-
6344, Apr. 1996.

D. H. Zhang, H. J. Kim, W. Li, and C. S. Koh,
“Analysis of magnetizing process of a new anisotro-
pic bonded NdFeB permanent magnet using FEM
combined with Jiles-Atherton hysteresis model,” /[EEE
Trans.Magn., vol. 49, no. 5, pp. 2221-2224, May. 2013.

http://www.jeet.orkr | 1321



Residual Magnetic Flux Density Distribution Calculation Considering Effect of Aligning Field for Anisotropic Bonded NdFeB Magnets

Dianhai Zhang He received his B.S
and M.S degrees in the biomedical
engineering, electrical machine and

L electric apparatus from Shenyang
. = University of Technology in 2006 and
A ’ “ 2009 respectively, and Ph.D degree in
e 1y electrical engineering from Chungbuk
% National University in 2013. He is
presently an assistant professor at school of electrical
engineering, Shenyang University of Technology, China.
His research interests include design of electromagnetic
devices and numerical analysis of electromagnetic fields.
He can be contacted at zdh700@126.com.

Yu Han He received his B.S degree in
the Physics from Heihe University in
2015. He is currently working towards
his Master degree in School of
Electrical Engineering at Shenyang
University of Technology, China. His
‘ research interests include design of

- electromagnetic devices and measure-
ment of magnetic property. He can be contacted at
hanyhu_sut@163.com.

Ziyan Ren She received her B.S
degree in biomedical engineering and
M.S degree in theory of electrical
engineering and new technology from
Shenyang University of Technology,
China, in 2006 and 2009, respectively.
She received the Ph.D degree in
Electrical Engineering from Chungbuk
National University, Korea, in 2013. She is currently an
associate Professor in Shenyang University of Technology.
Her research interests include the optimal design of electro-
magnetic devices, the numerical analysis of electromagnetic
fields. She can be contacted at rzyhenan@163.com.

Yanli Zhang She received her B.S.,

M.S., and Ph. D. degrees in School of

: Electrical Engineering from Shenyang

University of Technology, in 1998,

- 2001, and 2006, respectively. She was

a post-doctoral researcher at College of

“ Electrical and Computer Engineering

in Chungbuk National University in

2007. She has been a professor with the School of

Electrical Engineering from Shenyang University of

Technology since 2013. Her research interests include

numerical analysis of transformers and modeling of

electrical steel material property. She can be contacted at
zylhhjhyc sy@163.com.

1322 | J Electr Eng Technol.2016; 11(5): 1316-1322

Chang-Seop Koh He received his
B.S., M.S., and Ph. D. degrees in
electrical engineering from Seoul
National University, Seoul, Korea, in
1982, 1986, and 1992, respectively.
He was visiting Professor at the
Department of Electrical and Com-
puter Engineering, Florida International
University, Florida, USA, and at the Department of Electrical
and Computer Engineering, Texas A&M University, Texas,
USA, from May 1993 to April 1994, and from February
2003 to January 2004, respectively. He was also a Senior
Researcher at the Central Research Institute of Samsung
Electro Mechanics Co., Ltd., from May 1994 to August
1996. He has been a Professor with the College of
Electrical and Computer Engineering, Chungbuk National
University, Korea, since 1996. His research interests include
electric machine design, numerical analysis of electric
machines using the finite element. He can be contacted at
kohcs@chungbuk.ac.kr.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX3:2003
  ]
  /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 /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


