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Analytical Field Expressions due to Inclined Lightning Channel

Abstract.- In order to have a fast determination of electromagnetic fields peaks associated with inclined lightning channel, the analytical
electromagnetic field expressions were proposed, assuming a pulse shaped return stroke current at channel base and by considering the channel
angle and the observation point angle effects on the electromagnetic fields. Also, the return stroke velocity effects on the peaks of electromagnetic
fields were processed. The results were compared with the perpendicular lightning channel case. The proposed fields’ expressions are very useful in
determining the peak values of electromagnetic fields, since they are considered as critical parameters in estimation of lightning induced voltage

peak on the power line.

Streszczenie. Zaproponowano analityczng metode wyznaczania pola elektromagnetycznego towarzyszgcego odchylonemu kanatowi wytadowania.
Przyjeto impulsowy ksztaft uderzeniowego pradu. Przeprowadzono obliczenia dla réznych katéw kanatu wytadowania. (Analityczne wyrazenie na
pole elektromagnetyczne wywofanie wyfadowaniem odchylonym pod katem)
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Introduction

Evaluation of electromagnetic field due to lightning
channel is an important topic for considering indirect effects
of lightning on the power systems[1], while the coupled
electromagnetic fields with power lines can cause high
voltage on the power lines. The most common assumption
about the lightning channel is that it makes a perpendicular
channel with the ground surface[2]. However, in reality, the
lightning strikes the ground surface with an angle less than
90 degrees with respect to the ground[3]. Therefore, in
order to estimate the electromagnetic fields fast due to the
inclined lightning channel in the time domain, the general
field’'s expressions are proposed and the results are
compared with previous field expressions associated with
perpendicular lightning channel. To facilitate offering
analytical electromagnetic fields expressions, it is assumed
that the channel base current is in step shape[4] and the
current model is the transmission line (TL) model[1]. The
proposed method can be used for the fast calculation of
electromagnetic field values associated with inclined lighting
channel, whilst the proposed equations can support
perpendicular channel by changing the degree of the
channel angle. Moreover, the proposed field expressions
can be especially valuable in determining the field
behaviour against the variations in the channel and the
observation point parameters. The basic assumptions in
this study are:

i- The ground surface is flat.

ii- The lightning channel is straight, without any

branches.
iii- The ground conductivity is perfect.
iv- The corona effect is ignored.

The return stroke current

The lightning return stroke current can be categorized
into two parts[1, 5]: 1) the return stroke current at the
channel base; 2) the return stroke current along the
lightning channel. The return stroke current at channel base
can be expressed by different current functions, but in this
study the step current is applied to arrive at the analytical
expressions for the electromagnetic fields.

Based on the lightning current wave shape at different
heights from the ground surface along the channel, several
models were proposed which are classified into four
groups[6]: 1) the “gas-dynamic” models, 2) the
“electromagnetic” models, 3) the “current-distributed”
models, and 4) the “engineering” models. In this paper, the
transmission line model (TL)[1] from the “engineering”
current group was employed. The return stroke current
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along lightning channel based on TL model is expressed by
equation (1). Note that, the return stroke velocity is
assumed to be a constant value along the lightning
channel[1, 7].
. z' ,
(1) i(Z,,t) — {I(O,t - ;), z' < vt
0, z' > vt

Where: v is the lightning return stroke wave-front velocity,

Z' is the vertical space variable, i(z,t) is the return stroke
current at height z' along lightning channel, i(0,t) is the
channel base current.

Electromagnetic fields due to the vertical lightning
channel

As a result of vertical lightning channel, the
electromagnetic fields can be estimated by equations (2) to

(4)14].

—7 (v v __2 _Vrzﬂz
(2 E, =¢, 41TB{ B TR Tﬂz} for t>
p_(Bct-z _ Bct+z 2z Vr? +z2
(3) Er CO 4nBr{ Ech Eim \/ZZ+I‘Z} for t>——
Bet— Bct+z vr? +z2
4)H, = E{—Ed‘ o } for t>——
(5) Hy =B, =E, =0 fort<v G
where: E, is horizontal electric field, E, is vertical electric

field, Hy, is magnetic field, I, is the current peak at channel
base, {, is free space characteristic impedance (376.73 Q),

v is return stroke velocity, c is light speed in the free space,
r is radial distance from lightning channel to observation
point, z is observation point height,
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Electromagnetic fields due to the inclined lightning
channel

The electromagnetic fields associated with the inclined
lightning channel can be estimated by using Maxwell’s
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equations[8] , Lorentz gauge[9] and FDTD method[10-11]
as proposed by equations (5) to (9). The geometry of the
problem is illustrated in Fig.1. Note that, the y-axis is set on
the image of the lightning channel on the ground surface.
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where: g, is the permittivity of free space, p, is the
permeability of free space, c is the light speed in free space,
B, is the magnetic flux density, © is the channel angle
respect to z axis, ® is the observation point angle respect to
channel image on the ground surface and it
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Fig.1.The geometry of problem

It should be noted that all the components of the
electromagnetic fields in the time periods are smaller or

equal to zero(< #)[12]. In order to increase the

accuracy of the results, the small value for At should be
considered[11].

Results and discussion

The magnetic flux density at different channel angles
(0) and various observation point angles (¢) are
demonstrated in Fig.2, having set the observation point at
r=50m and z=10 m. As Fig.2 reveals that by decreasing
channel angle value (6) with respect to z-axis and under
constant value of ¢, the magnetic flux density values drop.
Alternatively, under constant value of 6, the ¢ value shows
a reverse effect on the values of magnetic flux density.
Accordingly by increasing the observation point angle to 90
degrees, the magnetic flux density values are reduced.
Additionally, according to Fig.2, the magnetic flux densities

Vr2+z2

time shift equal to —— . so the

Vr2+z2
c

have an initial

electromagnetic values in the time period less than

are equal to zero[12]. Fig.3 demonstrates that by increasing
the channel angle (8) at constant value of ¢, the vertical
electric field is decreased. Also, by increasing the
observation point angle (¢) up to 90 degrees, the values of
vertical electric fields drop. In addition, Fig.4 illustrates that
the horizontal electric field reflects the changes in 8 and ¢.
That is, by increasing the channel angle with respect to z-
axis at constant value of ¢, the values of horizontal electric
fields increase as well. Note that, the horizontal electric field
is as an effective factor to estimate the lightning induced
voltage [13-15]. On the other hand, Fig.4 reveals that by
increasing observation point angle (¢) up to 90 degrees
under constant value of 6, the values of horizontal electric
fields drop. Moreover, by comparing the Figs.2 with Fig.4, it
is observed that the proposed method can also cover
electromagnetic fields due to vertical lightning obtained from
equations (1) to (4), when 0 is set at zero.

Additionally, it is important to mention that the difference
in radial distance from the upward and downward charges
to the observation point is considered in the proposed
equations.
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Fig.2.The magnetic flux density changes versus different channel
and observation point angles (r=50m, z=10m,v = 1.2 x 108 ?,Ip =
10KA)
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Fig.3.The vertical electric field changes versus different channel
and observation point angles (r=50m, z=10m,v = 1.2 x 108 ?,Ip =
10KkA)
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Fig.4.The horizontal electric field versus different channel and
observation point angles (r=50m, z=10m,v = 1.2 x 108 ?,Ip=
10KkA)

Fig. 5 demonstrates that the electromagnetic field
components act reversely towards an increase in the
channel angle with respect to z-axis at two different radial
distances from the lightning channel. It is observed that by
increasing 6, the peak values of horizontal electric field
have a rising trend up to 25 and 35 degrees for r=200m ,50
m, respectively. while the peak values of magnetic flux
density and vertical electric field have a downward trend.
Also, it is illustrated that by increasing the radial distance
from the lightning channel under constant values of 6 and ¢,
the peak values of electromagnetic fields are reduced.
Furthermore, Fig.6 illustrates the observation point angle (¢)
has an effect on the peak values of electromagnetic fields
under constant value of 06 for the two different radial
distances from the lightning channel. According to Fig.6, by
increasing the observation point angle (¢), the peak values
of magnetic flux density and vertical electric fields have a
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downward trend around 90 degrees; however after that,
they have a rising trend between 90 to 180 degrees with
almost symmetrical shape with respect to the first period.
Likewise, it can be perceived from Fig.6 that the peak
values of electromagnetic fields at close radial distances
from the lightning channel are higher than those ones over
long distances. On the other hand, the horizontal electric
field has a downward trend reverse to the increasing
observation point angle (¢) up to around 90 degrees;
however, after 90 degrees at closed distance from lightning
channel (r=50m) it shows a rising trend which is not
symmetrical compared to the first period. Moreover, the
peak values of horizontal electric field at r=200m after 90
degrees has a mild downward trend compared to the first
period. Consequently, the peak values of horizontal electric
fields at closed distances from lightning channel behave in
a complete two separate ways compared to the far
distances from the lightning channel. Note that, the
electromagnetic fields changes vs. different values of
observation point angles(¢) can be more effective for the
calculation of the lightning induced voltage on the power
lines when the most coupling models are based on
electromagnetic fields at different points along the power
line[4, 15-17]. Fig.7 shows that by increasing the return
stroke current velocity along the lightning channel, the peak
values of electric field components have a downward trend,
while the peak values of magnetic flux density has a rising
trend. Also, it displays that the declining trend of the peak
values for the horizontal electric field is higher than the
similar values for vertical electric field. Bear in mind that, the
return stroke current velocity is assumed to be constant
along the lightning channel and it is usually between ¢/3 to
2c¢/3[7].
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Fig.5.1he electromagnetic tields peak values versus ditferent
channel angles at two radial distances respect to lightning channel
(¢ = 60°, z=10m, v = 1.2 x 103§ ,Ip = 10KA)
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Fig.6.The electromagnetic fields peak values versus different
observation point angles at two radial distances respect to lightning

channel (8 = 30°, z=10m, v = 1.2 x 103§ ,Ip = 10KA)

As a result, the proposed method indicates some
valuable points to be considered as follows:
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i- The electromagnetic fields can be estimated
by analytical expression directly in the time
domain.

ii- The difference in radial distances between the
upward and downward charges to the
observation point is well thought-out.

iii- The field expressions are considered on
different channel angles (8) and observation
point angles ().

iv- The proposed method can support vertical
lightning channel case when 6=0.
V- The proposed equations can be very valuable

for prediction of the peak values of
electromagnetic fields, while the pulse current
is applied as basic assumption.

550 T T T T T T T T T

Fields peaks

Fig.7.The electromagnetic fields peak values versus different return
stroke velocities (8 = 20°, ¢ = 30°, r=500m, z=10, 1, = 10kA)

Conclusion

In this paper, the general equations for evaluation of
electromagnetic fields due to inclined lightning channel are
proposed, while the lightning channel usually has an impact
on the ground surface with a special angle more than zero
with respect to z-axis. Therefore, in order to provide
analytical fields expressions, the step return stroke current
is applied. Besides, the behaviour of electromagnetic fields
versus some effective parameters is considered. Moreover,
the proposed fields’ equations can support vertical lightning
channel case, when 6 is set at zero. The proposed method
is very beneficial for a quick estimation of electromagnetic
fields associated with inclined lightning channel which are
more effective on the induced voltage and the selection of
suitable protection level on the power lines.

REFERENCES

[1] Nucci.C.A, "Lightning-induced voltages on overhead power
lines. Part I: return stroke current models with specified
channel-base current for the evaluation of the return stroke
electromagnetic fields," Electra, vol. 161, pp. 75—102, 1995.

[2] Thottappilli.LR and V. Rakov, "Review of three equivalent
approaches for computing electromagnetic fields from an
extending lightning discharge," Journal of Lightning Research,
vol. 1, pp. 90-110, 2007.

[3] Uman.M, J. Schoene, V. Rakov, K. Rambo, and G. Schnetzer,
"Correlated time derivatives of current, electric field intensity,
and magnetic flux density for triggered lightning at 15 m,"
Journal of Geophysical Research, vol. 107, pp. 4160-4172,
2002.

280

[4] Andreotti.A, Mottola, Pagano, and Verolino, "An Exact Closed —
From Solution for Lightning -Induced Over voltage
Calculation," IEEE Transactions on Power Delivery vol. 24,
2009.

[5] lzadi.M, M. Kadir, C. Gomes, and W. Wan Ahmad, "An
Analytical Second-FDTD Method For Evaluation of Electric and
Magnetic Fields at Intermediate Distances From Lightning
Channel," Progress In Electromagnetic Research (PIER), vol.
110, pp. 329-352, 2010.

[6] Rakov.V and M.Uman, "Review and evaluation of lightning
return stroke models including some aspects of their
application," I[EEE  Transactions on  Electromagnetic
Compatibility, vol. 40, pp. 403-426, 1998.

[7]1 Rakov.V, "lightning return stroke speed," Journal of lightning
Research, vol. 1, 2007.

[8] Zhou.X, "On independence completeness of Maxwell's
equations and uniqueness theorems in electromagnetics,”
Progress In electromagnetic Research,PIER, vol. 64, pp. 117-
134, 2006.

[9] Nevels.R and C. S. Shin, "Lorenz, Lorentz, and the gauge,"
IEEE antennas & propagation magazine, vol. 43, pp. 70-72,
2001.

[10]Kreyszig.E, Advanced engineering mathematics: Wiley-India,
2007.

[11]Sadiku and Matthew, Numerical technique in electromagnetics:
CRC Press,LLC, 2001.

[12]1zadi.M and M. Kadir, "New Algorithm for Evaluation of Electric
Fields due to Indirect Lightning Strike," CMES: Computer
Modeling in Engineering & Sciences, vol. 67, pp. 1-12, 2010.

[13]Paolone.M, C. Nucci, E. Petrache, and F. Rachidi, "Mitigation
of lightning-induced overvoltages in medium voltage distribution
lines by means of periodical grounding of shielding wires and of
surge arresters: modeling and experimental validation," Power
Delivery, IEEE Transactions on, vol. 19, pp. 423-431, 2004.

[14]Borghetti.A, J. Gutierrez, C. Nucci, M. Paolone, E. Petrache,
and F. Rachidi, "Lightning-induced voltages on complex
distribution systems: models, advanced software tools and
experimental validation," Journal of Electrostatics, vol. 60, pp.
163-174, 2004.

[15]Nucci.C.A, "Lightning-induced voltages on overhead power
lines. Part Il: Coupling models for the evaluation of the induced
voltages," Electra, vol. 162, pp. 121-145, 1995.

[16]Rachidi.F, "Formulation of the field-to-transmission line
coupling equations interms of magnetic excitation field," IEEE
Transactions on Electromagnetic Compatibility, vol. 35, pp.
404-407, 1993.

[171Mokhnache.L, A. Boubakeur, R. Kattan, and N. Maziou,
"Lightning-Induced Voltages on Overhead Power Lines with the
Use of the Hybrid Method: Influence of the Shielding Wire,"
Przeglad Elektrotechniczny, vol. 86, pp. 57-60, 2010.

Authors:

Mahdi Izadi (Phd student), Department of Electrical and Electronics
Engineering, Faculty of Engineering, University Putra Malaysia
Email address:aryaphase@yahoo.com

Associate professor Dr. Mohd Zainal Ab Kadir, Department of
Electrical and Electronics Engineering, Faculty of Engineering,
University Putra Malaysia, Email address:
mzainal@eng.upm.edu.my

Associate professor Dr. Chandima Gomes, Department of
Electrical and Electronics Engineering, Faculty of Engineering,
University Putra Malaysia Email address:
chandima@eng.upm.edu.my

Dr.Wan Fatinhamamah Wan Ahmad, Department of Electrical and
Electronics Engineering, Faculty of Engineering, University Putra
Malaysia Email address: wanfatin@eng.upm.edu.my

The correspondence address is: E-mail: aryaphase@yahoo.com

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 11/2011




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 [
    /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


