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Abstract In the quasistatic case, the “Eshelby
principle for an interface”, namely, that the total,
including the external loading, “driving force” (energy-
momentum tensor) must vanish on the boundary, so that
itcan move incrementally with associated generation of
eigenstrain, is demonstrated explicitly for a half-space
plane boundary under dilatational eigenstrain.

1 Introduction

“Driving forces” on defects, also called Eshelby forces,
have been first introduced by Eshelby (1951) as the
force on an elastic singularity, and a whole new field
of defect mechanics was initiated. The mechanics of the
defects are governed by the energy-momentum tensor,
and the conservation laws that express the invariance of
the energy functional under infinitesimal perturbations
of the defect (e.g. Eshelby (1975, 1970) also in Marken-
scoff and Gupta (2006), see also Eshelby’s (1977) Col-
lected Works). This influenced dramatically the field of
fracture mechanics, e.g. Freund (1990), when the defect
is a crack, as well as the mechanics of other defects,
such as dislocations, and the modeling of the evolu-
tion of the microstructure during plastic deformation
in solids etc.
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The application of the energy-momentum tensor as
the “driving force” for interfaces, considered as a par-
ticular kind of defect, was presented by Eshelby (1970),
(also Markenscoff and Gupta (2006)), and Eshelby
(1977) with the expression giving the energy-release-
rate required to create a new volume of eigenstrain.
Gupta and Markenscoff (2008) showed that the impli-
cation of Noether’s theorem (see, e.g. Gelfand and
Fomin 2000) is that the change in the energy functional
is equal to the J integral, if and only if equilibrium is
maintained in the domain during an infinitesimal trans-
lation of the defect.

Eshelby, in 1970, not only gave the expression for the
“driving force” on an interface with normal n, (derived
from the energy-momentum tensor, and coinciding
with the derived expression in the phase transforma-
tion literature, e.g., Truskinovsky 1982):

F=[W]-T- [g—”} (47) in Eshelby (1970) (1)
n

(where brackets denote jumps, W the strain energy den-
sity, T the traction vector, and u the displacement vec-
tor), but also formulated what we call here the “Eshelby
principle for an interface” that defines the equilibrium
position of an interface. Quoting from Eshelby (1970)
(also in Markenscoff and Gupta (2006)):

“equation (45) can be used to find the equilib-
rium position of phase and twin boundaries, in
the presence of stresses produced by the trans-
formation itself, or applied externally, or both.
Since equation (45) must be zero for any small
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6§, the boundary must take up shape for which
eq. (47) is zero all along it.”

which means that the vanishing of the “driving force”,
in the presence of external loading, determines the equi-
librium position . In dynamics (Markenscoff and Ni
2010a; Markenscoff 2009), it will relate the external
loading to the velocity of the inclusion boundary.

The aim of this paper is to demonstrate how this
principle applies to a simple case of a plane inclusion
boundary in a linear elastic solid, so as to show how
the eigenstrain is indeed “generated” by appropriate
external loading. It will demonstrate how the externally
applied stresses, to the amount that will induce the van-
ishing of the total energy-momentum tensor, determine
the incremental eigenstrain associated with the infini-
tesimal perturbation of the boundary. It will be dem-
onstrated by explicit calculation in the static case of a
plane three-dimensional inclusion boundary perturbed
by an incremental displacement 6&(Fig. 1) normal to
the boundary.

2 Eigenstrain ‘“‘generation” in perturbed inclusion
boundary under applied loading

We consider a three-dimensional half-space inclusion
with dilatational eigenstrain. For the inclusion to be
constrained, external tractions must be applied at all the
boundaries at infinity. These tractions are determined
by considering the finite problem, of a spherical inclu-
sion of radius a, and letting the radius tend to infinity,
and are shown in the Figure. For a plane two-dimen-
sional boundary, the limit was obtained by Dundurs
and Markenscoff (2009), and for a three-dimensional
boundary with dilatational eigenstrain by Markenscoff
and Ni (2010a).

It must be noted here that, by this limiting process
from the finite inclusion well-defined problem, the min-
imum energy solution is obtained for the half-space
constrained inclusion. Any additional superposed self-
equilibrated compatible fields will increase the total
energy (Dundurs and Markenscoff 2009; Mura 1987).
The tractions on the lateral boundaries x — o0,
and x3 — =00 experience jumps, so that the nec-
essary compatibility is maintained on the inclusion
boundary. These limiting stress fields of the con-
strained half-space Eshelby inclusion, coincide with
the Eshelby (1957) inclusion solution for the inside
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domain, and the Hill (1961) jump conditions for the
outside. This renders the elasticity problem of the half-
space phase boundary a unique well-defined one of
minimum energy.

To demonstrate how the externally applied stress
and the vanishing energy-momentum tensor determine
the incremental eigenstrain, we show it by explicit
calculation in the static case of a plane three-dimen-
sional boundary perturbed by §&(Fig. 1). We assume

that the six applied stresses afTXt)/ (im), az(gm)/ (im),and

03(2’“) /M) 4t infinity are known, and are those required
by the limit of the static spherical inclusion with dilata-
tion eigenstrain * obtained in Gupta and Markenscoff
(2008) as the static part of the dynamically expanding
spherical inclusion. They can also be obtained from
the Eshelby (1957) solution for the interior plus the Hill
(1961) jump conditions, or, equivalently, by solving the
coupled system of continuity of tractions and compat-
ibility of the deformation of the interface Markenscoff
(1998).

In the special case of dilatational eigenstrain, the
interior strains for a sphere of radius a under dilata-
tional eigenstrain £* are (e.g. Mura 1987, Eq. (11.44)),

8511) = 8§l2) = 5:?3) = 3(1 o V)g* (2)

while the exterior strains are (e.g. Mura 1987,
Eq. (11.45)):

O__214vad . o_o__lltvd |
R I I e S e S P R
3
and evaluated at r = a:
21+v . 11+v
(e) (e) (e)
£y =_§1_v9*’ £y = €33 =_§1_v8* “)
so that from (3) and (4) the jump in the strain
0 1 3L+2
fend = || ot || = — Ve o AR (5)
ox1 1—v A42u

The stress components are found from the stress—strain
relations

A
oij =21 (Sij —& + W (exk — &ii) 5ij) ; (6)

or equivalently,

v

oij =21 (8ij —&+ T2 (exk — &%) 3ij) - (D
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Fig.1 Expanding
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The interior stresses are (see, also Mura Eq. 11.21a by
the Eshelby tensor):

) _ 50 _ g0

011 = 92 =033
w16 Sv+1 Sv+1
=— — 42 2
- [15+ 5 s
dp 14w
Ll Sl 8
381—1) ®)

Without knowing the exterior solution as in Mura
(11.45), the exterior stresses are found from the conti-
nuity of tractions

Gli =0y 9)

and the compatibility of the deformation at the interface

£ =%y, eys = ey, (10)

From (6) or (7) and (9) we obtain the jump in the strain,

as already given in (5) . The jump in the hoop stress is

obtained from the constitutive relation (6) or (7) and

the jump in the strain (5):
3r+2

m R e =2
A+20 1—v

so that the exterior stresses, in addition to (9), are :

© _ o _ 2 1t
Oy = 0hy = —& —.
33 22 397,

1
R (11)

ol =2

12)

Now, we assume that the constrained half-space
Eshelby inclusion with dilatational eigenstrain is kept

TTTTTITT MITTTTTTY

i

in place by the above stresses at the boundaries at infin-
ity (see Fig. 1) so that the elastic field is the unique
minimum energy one. In the value of these stresses
£* is considered as a parameter. We want to move the
boundary by 8¢ and create dilatational eigenstrain &*.

As the boundary of the inclusion is displaced by an
increment 6§, the stresses at xp, x3 — oo switch sign
by an external agent, so that on the left of the boundary
is compression and the hoop stresses experience jumps
at the interface (Fig. 1). We will show that, by applying
an additional external stress ala fpl, of magnitude such
as to have the total energy-momentum tensor (“driving
force”) equal to zero, the eigenstrains in the incremen-
tal region will be indeed dilatation of the same magni-
tude, i.e.,

e =& =833 =¢&" (13)

under the assumption that the eigenstrain remains on
the left of the interface.

The proofis by solving the governing system of equa-
tions for the unknown strains and eigenstrsains, sep-
arately on the left and right of the inclusion boundary
(assuming the inclusion on the left) (see Fig. 1), given as
known the values of the stresses (those of Egs. (8) and
(12)), where £* is a considered as a parameter.

The inverted stress—strain relations are:

)/ZM (14)

% Vv
&ij — &5 = | 0ij — 8ijokk .
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and the interface conditions of continuity of tractions
and compatibility (for the dilational eigenstrain half-
space inclusion) are:

@O _ (e O _ (o (@) _ (o
O =011 & =&y €33 =E&33 15)

The solution of the above system of Egs. (14) and (15)
for the (unknown) strains and eigenstrains, with the
stresses assumed known, yields for the eigenstrains:
e3=¢ey =¢", (16)
while leaving &}, undetermined, due to the first equa-
tion in (15). This implies that an additional equation (to
the previous Eqs. (14) and (15)) is needed to determine
the eigenstrain &7, and this is the Eq. (1) (see Eshelby
1970; Markenscoff and Gupta 2006 ) set equal to zero,
so that the total “driving force” on the interface van-
ishes . For this, the application of an external loading
is necessary, since, without it, the “driving force”, or,
which may be called here the * self-force”, is negative
and given by Gavazza (1977):
2u(3h + 21)e*?
A +2w)
and is independent of the radius of the sphere. The neg-
ative sign implies that the interface is stable until the
external loading negates the self-force, at which point
it becomes unstable. Let us consider that an additional
uniform crla fpl stress is applied and calculate according
to (1) the total “driving force” on the interface with
all the interaction terms, and then, let us set this total
“driving force” equal to zero . The calculation yields:
*2
B 2uBr+2p)e alafple* _0 (18)
(A +2p)

The LHS of equation (18) which was derived from the
“driving force” expression (1) by including all the
interaction energy terms (due to the dilatational eigen-

A7)

strain and a superposed uniaxial stress O'Ia f P 1), has only
two that survive: the first one, which is the self-force
(coinciding with the value given by Gavazza (1977),
also Markenscoff and Ni (2010a,b)), and the second-
one, which, due to its form, may be considered as the
counterpart of the Peach-Koehler force for the inclu-
sion.

If the value for the additional applied stress ola ]Ppl is
the one that satisfies the above equation, i.e. is equal to

2uBA +2n)e* 1
glafpl _ 2pGA+2u)e” =2u + Vor (18)
(A +2w) 1—v
then, the eigenstrain &}, is determined from (18) as:
ey =¢" (19)
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and the desired dialational eigenstrain has been gener-
ated. |

3 Conclusions

We thus showed that, if, at infinity, incremental trac-
tions are applied so that the stress is compressive on the
inclusion side and tensile on the matrix (see Fig. 1)—
ensuring that the compatibility of the interface is main-
tained—, and, if an additional external stress ala fpl, is
applied, of magnitude such as to have the total “driv-
ing force” (energy-momentum tensor) equal to zero,
then, the eigenstrains in the incremental region will be
indeed dilatation of the same magnitude, i.e.,

el =& =833 =¢&" (20)

under the assumption that the eigenstrain remains on
the left of the interface after perturbation, thus showing
how eigenstrain is “generated”.

In dynamically expanding inclusions, with inertia
effects included, to determine the position of the mov-
ing inclusion boundary, we apply the same principle
with the dynamic energy-momentum tensor (Marken-
scoff and Ni 2010a). For the plane boundary (as the
limit of the radius of the spherical expanding inclusion
tends to infinity), the tractions that need to be applied
at infinity for the eigenstrain region to expand were
obtained in Markenscoff and Ni (2010a) by the limiting
process from the sphere. Again, the total driving force
(with inertia effects) equal to zero will uniquely deter-
mine the eigenstrain on the left of the boundary. More
recently the treatment was expanded (Markenscoff and
Ni 2010b) to half-space inclusions and strips of general
eigenstrain in general subsonic motion. A recent pub-
lication (Yang et al. 2009) obtains the relation of the
remote dynamic stress to the motion of a martensitic
phase transformation boundary by an analytic-compu-
tational model based on constrained Eshelby inclusions
via the Hill self-consistent method.

Acknowledgments Support from the National Science
Foundation under grant # CMS 0555280 is gratefully
acknowledged.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are
credited.



Driving forces on phase boundaries

227

References

Dundurs J, Markenscoff X (2009) Stress fields and Eshelby
forces on half-plane inhomogeneities and strip inclusions
meeting a free surface. Int J Sol Str 46:2481-2485

Eshelby JD (1951) The force on an elastic singularity. Philos
Trans R Soc Lond A 244:87-112

Eshelby JD (1957) The determination of the elastic field of an
ellipsoidal inclusion and related problems. Proc Roy Soc
Lond A 241:376-396

Eshelby JD (1975) The elastic energy-momentum tensor. J Elast
5:321-335

Eshelby JD (1970) Energy relation of the energy-momentum ten-
sor in continuum mechanics. In: Kanninen MF et al (eds)
Inelastic behavior of solids. McGraw-Hill, New York, pp
77-115

Eshelby JD (1977) Lecture on the elastic energy-momentum ten-
sor. In: Markenscoff X, Gupta A (eds) Collected works of
J.D. Eshelby: the mechanics of defects and inhomogenei-
ties. Springer, Netherlands, pp 907-931 (2006)

Freund LB (1990) Dynamic fracture mechanics. Cambridge
University Press, Cambridge

Gavazza SD (1977) Forces on pure inclusion and Somigliana
dislocations. Scripta Metallurgica 11:979-981

Gelfand IM, Fomin SV (2000) Calculus of variations. Dover,
New York

Gupta A, Markenscoff X (2008) Configurational forces as dis-
sipative mechanism: a revisit. Comptes Rendus Mecanique
336:126-131

Hill R (1961) Discontinuity relations in mechanics of solids.
In: Sneddon IN, Hill R (eds) Progress in solid mechan-
ics. North-Holland, Amsterdam

Markenscoff X (1998) On the shape of the Eshelby inclusions.
J Elasticity 49:163-166

Markenscoff X (2009) Evolution equations of moving defects:
dislocations and inclusions. Int J Fract (in press)

Markenscoff X, Gupta A (eds) (2006) J.D. Eshelby’s Collected
Works: the mechanics of defects and inhomogeneities.
Springer, Berlin, pp 603-641

Markenscoff X, Ni L (2010a) The energy-release rate and self-
force of dynamically expanding spherical and plane inclu-
sion boundaries with dilatational eigenstrain. ] Mech Phys
Sol 58:1-11

Markenscoff X, NiL (2010b) “Driving forces” and radiated fields
for expanding/shrinking half space and strip inclusions with
general eigenstrain. Quart Appl Math (in press)

Mura T (1987) Micromechanics of defects in solids, 2nd revised
ed. Martinus Nijhoff Publishers, Dordrecht

Truskinovsky L (1982) Equilibrium phase interfaces. Sov Phys
Dokl 27:551-553

Yang S-Y, Escobar J, Clifton RJ (2009) Computational model-
ing of Stress waves induced martensitic transformations.
Math Mech Sol 14:220-257

@ Springer



	Driving forces on phase boundaries: "The Eshelby principle for an interface''
	Abstract
	1 Introduction
	2 Eigenstrain "generation'' in perturbed inclusion boundary under applied loading
	3 Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


