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Abstract — Numerical simulation of the impact response of injection-moulded components has gained importance in
several industry sectors, in particular in the automotive industry. Recent studies have demonstrated progress in model-
ling special features of ductile polymers’ mechanical response. However, several experimental challenges remain. Some
of these will be addressed in this presentation, based on an ongoing study with polypropylene materials. Tests for high-
speed uniaxial tension, uniaxial compression and shear are summarised. Work in progress is presented for tensile
loading/unloading response, and for effects of injection moulding conditions on mechanical response.

Introduction

Numerical simulation of impact loading of polymer
materials is of great industrial interest, as these materi-
als are increasingly being used in critical applications
and constructions. The response to impact loads is of
particular interest for automotive applications related to
passenger and pedestrian safety, in which the materials
may undergo large multiaxial deformations at high
strain rates. Hence, the automotive industry is a driving
force in this field. Also electronic casings and various
‘everyday’ products must be designed to resist impact
loads. The performance of sub-sea structures at oil and
gas fields is a more specialised application, but of great
importance for installations in the North Sea.

Recent work [1-4] has demonstrated progress in
modelling special features of polymer materials, such
as plastic dilatation in tension and sensitivity of yield
stress to hydrostatic stress.

Our aim is to improve the prediction of the mechanical
response of automotive components for pedestrian
protection, as illustrated in Fig. 1. Our work focuses on
ductile  thermoplastics, typically polypropylene
compounds containing elastomers and talc. Models for
these materials have shortcomings when it comes to
predicting multiaxial loading, unloading response
(rebound), and failure. The unloading response, in
particular, is important when designing parts for a
pedestrian protection system.

Ductile polymeric materials show a complex behavior
in impact loading involving large strains. The complex-
ity applies to the micromechanical mechanisms as well
as the macroscopic response. Therefore, more complex
constitutive models are needed, requiring material
input functions which are difficult to determine ex-

perimentally. Data from experiments with well-defined
stress states are needed as input for numerical simula-
tion. Furthermore, true stress—strain data must be cal-
culated from the experiments. These data must be
available up to high strains (hardening curves), and for
high strain rates. The strain rates will depend on the
geometry of the component. However, it could be men-
tioned that in Euro NCAP tests for pedestrian protec-
tion the loading rate is 40 km/h (11 m/s). This loading
rate can e.g. be attained with inexpensive falling
weight impact test machines, and with more specialised
high-speed servohydraulic test machines.
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Figure 1. Simulated deformations in impact between
pedestrian (leg) and car front. Note the energy absorber
behind the bumper. Impact speed: 40 km/h
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An earlier paper from our group [4] dealt with the
validity of linear-elastic viscoplastic constitutive equa-
tions. A Mises type model and a modified model were
studied. The modified model included a yield stress
dependent on hydrostatic stress, and plastic dilatation
(volumetric strains during plastic deformation). Model
parameters were obtained by tensile testing over five
decades of strain rate, as well as quasi-static compres-
sion. The models were then checked by simulating two
test cases at a range of loading rates: Three-point bend-
ing of beams and central loading of circular plates. One
conclusion from this study was that, in addition to the
shortcomings of the models, several experimental
challenges remain, in order to generate reliable input to
the models. Some of these challenges will be addressed
in this paper.

To summarise, our focus is on ductile thermoplastic
polymers at moderately high strain rates. We seek to
improve the prediction of unloading response and fail-
ure, but we also acknowledge that there is still room
for improvement regarding the prediction of quite sim-
ple load cases.

A summary of test methods and challenges

As mentioned in the Introduction, true stress-strain data
for well-defined stress states is needed for the material
models. Furthermore, data up to large strains (harden-
ing curves) are needed at high strain rates. Some re-
marks on the status and challenges are given below.
The stress states should be chosen to describe the yield
surface adequately. In addition to the most common
stress states mentioned below, data for e.g. biaxial
tension can be important for some polymers [1]. In
principle, there are two primitive deformations that a
material can be subjected to, and different stress states
set up different combinations of these two. The two
primitive deformations are hydrostatic compression
(change of volume, but not shape) and shear (change of
shape, but not volume) Uniaxial tension (and
compression) is a combination of bulk compression
and shear. That is why both crazing and shear yielding
can occur when testing a material in uniaxial tension,
and which mechanism that will dominate depends on
the conditions, e.g. the strain rate.

Uniaxial tension

High-speed servohydraulic testing machines are now
available in many labs. Commercial machines have
cross-head speeds up to 25 m/s, and special fixtures
and force measuring solutions. However, testing and
data analysis is not trivial. Ductile polymers (large
strains) with low yield stress are challenging. At high
loading rates, dynamic effects lead to oscillations in the
recorded force. Furthermore, strains can not be meas-
ured with conventional extensometers. Contact-less
optical techniques, such as digital image correlation
(DIC), can be used to obtain the true stress-strain re-

sponse. Some of the challenges when trying to obtain
true stress-strain for uniaxial tension are:

e  Strain localisation (necking)

e Plastic dilatation (volumetric strains
during plastic deformation)

e  Transversal anisotropy (different strains
in the two transversal directions)

A recent ISO standard [5] describes how tensile data at
high strain rates can be determined by extrapolation of
data at lower rates, thus avoiding some of the problems
and errors associated with testing at high rates. The
standard quotes a study that indicated that the extrapo-
lation procedure gave properties with satisfactory accu-
racy for at least 2 decades of strain rate above the max-
ium rate in the measurements. To have a more uniform
strain distribution for large strains, the standard also
proposes a tensile specimen with a machined narrow-
ing (circular waist) at the center of the specimen
length. With this specimen, the strain localisation oc-
curs at the center of the specimen where the axial and
transversal strains are measured.

Special specimen geometries are often used in high-
speed tensile testing, in particular dogbones with a
short narrow section. With a shorter narrow section,
higher strain rates are obtained for a given cross-head
speed. If, for instance, the narrow section is only 10
mm long, the strain rate is about 100 s for a cross-
head speed of 1 m/s. At such low speeds the force
oscillations mentioned above are normally not prob-
lematic.

Uniaxial compression

In uniaxial compression testing, the specimen geome-
try (slenderness) is traditionally a trade off in order to
avoid buckling, while having a reasonably uniform
stress field (avoid ‘barreling’). Standards such as ISO
604 typically recommend a long specimen for com-
pression modulus measurements, and a short specimen
for compression strength measurements. Height/width
ratios from 1 [6] to 2.5 [3,7] are typically used in the
literature, when focusing on the response at large
strains, and the compressive strength. Special test ge-
ometries (as alternatives to straight cylinders or paral-
lelepipeds) have been proposed, claiming to perform
well for a wide strain range [8]. Plane-strain compres-
sion tests can also be an alternative [9-10].

In order to obtain reliable data up to large strains, a
non-uniform stress distribution is perhaps the main
problem. The end surfaces of the specimen can be
lubricated to reduce the degree of barreling. Alterna-
tively, the friction can be increased so that the end
surfaces are not deformed, and the data can be cor-
rected for non-uniformity. Full-field strain measure-
ments (see separate section below) is an important tool
in this case.

Proceedings of the Polymer Processing Society 24th Annual Meeting ~ PPS-24 ~ June 15-19, 2008 Salerno (Italy)



Most compression tests in the polymer literature are
quasi-static with strain rates below 1 s™. High-speed
servohydraulic machines can be used for compression
testing, e.g. using a reverse-cage compression rig [11].
With such equipment, strain rates of several hundred s
can be obtained. With split-Hopkinson pressure bars
even higher strain rates are obtained, typically above
10° s [12].

Shear

There are several fixtures available for shear testing,
some recommended by standards and some developed
and used only by certain research groups. The literature
on shear testing of unreinforced polymers is scarce, but
there are some studies with variants of the losipescu
fixture [13-14], the Arcan fixture [3] and some other
fixtures/specimens [10,15-16]. An Arcan-type fixture
was recently used to obtain input to impact simulations
of polypropylene [3], although the test was quasi-static
as all the shear tests cited above. This Arcan fixture
had a purpose-built extensometer, thereby avoiding the
use of strain gauges, and also allowing for larger
strains to be measured. In general, full-field strain
measurements (see separate section below) are useful
for shear tests. Finally, note that some Arcan fixtures
can also be used to generate biaxial tension and other
stress states.

Shear data of polymers are often considered to be unre-
liable for modelling purposes, since different fix-
tures/tests tend to give different results. In particular
for large strains, the stress field is no longer uniform
pure or simple shear, and many polymers do not or can
not experience a shear fracture [14,17-18]. It can be
mentioned that in a study with a simple shear test fix-
ture, a polyethylene was tested to a strain of 10 without
extensive crazing [15].

Full-field strain measurements

Equipment for full-field strain measurements, such as
digital image correlation (DIC), has been available for
some years. Commercial systems have been expensive.
However, new developments in digital imaging tech-
nology, increases in data processing power, and a re-
duction in camera prices, have led to advances and
price reductions in optical techniques for measuring
strain fields. For the tests mentioned above such tech-
niques are important tools in order to obtain true stress-
strain data [19-20].

Inverse modelling

For tests such as uniaxial compression and shear it is
difficult to achive a well-defined stress state, at least
for large strains. Numerical simulation can be inte-
grated with the experimental work, to improve the
stress-strain data and the material models by inverse
modelling schemes, i.e. optimising model parameters

and models to achive the best correlation between
simulated and experimental results for a set of tests.
Inverse modelling can also be applied to cases with
multiaxial stress states [2], and it can be utilised to
extract data corresponding to constant strain rates.
Finally, inverse modelling can provide input for im-
proving the geometries of specimens and fixtures.

Some results from an ongoing study

Some results for injection-moulded test specimens of
polypropylene (PP) are given below. The PP is a min-
eral and elastomer modified grade from Borealis. Ac-
cording to the datasheet, the density is 940 kg/m’ and
the melt flow rate (230°C/2.16kg) is 17 g/10min. Stan-
dard dogbone specimens (type 1A of ISO 527-2) are
used in tensile tests, and 80 x 10 x 4 mm’ sections cut
from these specimens are used in bending tests.

Unloading from uniaxial tension (damage)

As mentioned in the Introduction, the unloading re-
sponse of these polymers is poorly predicted with pre-
sent models. A simple model for the unloading [1,21]
is to introduce an effective modulus for the unloading
response

E=E(1 —d)

where d is a damage parameter which increases with
increasing plastic strain. Data for simulations can be
obtained by testing at a range of strain rates and
unloading strains. Unloading (rebound) response at
high strain rates can e.g. be measured with falling
weight impact instruments [4]. Some results obtained
with uniaxial tensile testing are shown below. Fig. 2
shows some typical loading/unloading curves. The
modulus and the effective moduli increase with in-
creasing strain rate (Fig. 3). However, in the limited
interval investigated so far, the damage factor can be
considered to be independent of strain rate (Figs. 4-5).
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Figure 2. Tensile loading to different strains, followed
by unloading at the same rate. Dash-dotted line: Ten-
sile modulus. Dashed lines: Effective moduli E.¢ (dif-
ferent fits than those shown can certainly be imagined).
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Figure 3. Effective modulus vs. nominal strain at

unloading for tensile testing with two different cross-
head speeds. The lines are guides for the eyes.
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Figure 4. Damage factor vs. nominal strain at unload-
ing. for different cross-head speeds. The line is a guide
for the eyes.
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Figure 5. Damage factor vs. plastic strain for different
cross-head speeds. The plastic strain is the actual value
from the measumrents, not the one calculated using the
effective modulus. The line is a guide for the eyes.

Effects of processing conditions

The anisotropy and inhomogeneity of injection-
moulded parts is a challenge when trying to simulate
their mechanical response at large strains. The ultimate
goal is to simulate the mechanical response using local
mechanical parameters from a simulation of the
moulding process, but this has so far only been
demonstrated for simple geometries and/or small
strains. Even for simple test specimens there are
several questions: How much do the mechanical
properties vary with processing conditions, specimen
thickness and gating? How do differences in morpho-
logy, anisotropy etc interfere with the stress distri-
butions? How much does the skin layer affect the test
results? How about residual stresses from the moulding
process?

We have started a study in this area. Some results for
specimens moulded with two different injection speeds
are shown below. The lowest speed is that specified for
producing such test specimens in the ISO standard [22]
(0.2 m/s is the melt front speed though the narrow
portion of the dogbone). The highest speed is nomi-
nally five times higher than this. With a specimen
thickness of 4 mm the effect of injection speed is usu-
ally not large, but we observe some differences. High-
speed tensile data (Fig. 6) shows that the high injection
speed gives somewhat higher yield and post-yield
stresses, and a lower strain at break. As expected the
difference between the two specimens is larger when
testing in bending (Fig. 7), because the near-surface
layers (oriented by the flow during injection) contrib-
ute more to the mechanical response than the core of
the specimen. A new mould insert (Fig. 8) will be used
in further studies. With this insert, 80 x 80 mm? plates
with two different thicknesses can be moulded, each
with two different gatings (film gate and gating from
two corners). Hence, with specimens machined from
these plates, effects of processing conditions, weld
lines, anisotropy and cavity thickness can be studied.
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Figure 6. High-speed tensile testing of specimens
moulded with two different injection speeds.
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Figure 7. Three-point bending of specimens moulded
with two different injection speeds. Specimens tested
flatwise in an instrumented falling weight impact
tester.
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Figure 8. Mould insert for studying effects of
processing conditions, anisotropy, weld lines and
cavity thickness. For each cavity there is a combined
pressure/temperature sensor in the other mould half.

Striker concepts for reduced force oscillations

As mentioned in the Introduction, force oscillations is a
problem for high-speed tests, either with high-speed
tensile testers or instrumented falling weight impact
testers. The oscillations are reduced when moving the
force sensor closer to the specimen, thereby shortening
the ‘load train’ and reducing the number of interfaces
at which elastic stress waves are partly reflected. The
material and the design of the ‘load train’ including the
force sensor also play a role, and the system is usually
designed to have a natural frequency far above that of
the test specimen.

In order to improve the force signal, we have made
some modifications to our high-speed tensile tester

(Schenk/Instron VHS). Some work on modifying the
striker for three-point bending (and Charpy impact) in
our instrumented falling weight impact tester (Ros-
and/Imatek Type 4) is in progress. Placing the force
sensor close to the contact point between the specimen
and the striker head perhaps gives the most substantial
improvement [23]. We have also looked at alternative
materials in the striker rod — initially with the load
sensor in the original position (Fig. 9). The idea was to
see if a rod with higher damping could dampen re-
flected stress waves. Titanium alloys have been used in
striker rods [23]. We see an improvement with rods in
titanium and composite (pultruded carbon fibre rein-
forced vinylester), compared to the original steel rod,
especially for the initial response (~ 0.5 ms) of brittle
specimens. Also, there seems to be less superimposed
waves with the composite rod compared to the titanium
rod (Fig. 10), making it easier to interpret or filter the
force signal. It should be mentioned that with a thin
layer of grease on the specimen the oscillations in Fig.
10 can be significantly reduced.

Original force sensor

Composite striker rod

Position for new (smaller)
force sensor

Striker head

Figure 9. Assembly for testing a composite striker rod.
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Figure 10. PP specimen subjected to three-point
bending edgewise (impact against 4 mm thick side).

Proceedings of the Polymer Processing Society 24th Annual Meeting ~ PPS-24 ~ June 15-19, 2008 Salerno (Italy)



Acknowledgements

We would like to thank Pierre Deruddre and Rolf Kal-
land at SINTEF for assistance with the mechanical
testing. The project is funded by an industrial consor-
tium and the Norwegian Research Council via the BIA
programme.

References

1. S. Kolling; A. Haufe; M. Feucht; P.A. Du Bois in
Proceedings from LS-DYNA User Meeting, Bam-
berg, Germany, 2005.

2. J.C. Viana; A.M. Cunha; N. Billon Polym. Eng.
Sci. 2007, 47, 337.

3. G. Dean; L. Crocker Plast. Rubber Comp. 2007,
36, 1.

4. T. Glomsaker; E. Andreassen; M. Polanco-Loria;
O.V. Lyngstad; R.H. Gaarder; E.L. Hinrichsen in
Proceedings from PPS07ea, Goteborg, Sweden,
2007.

5. International standard ISO 18872:2007.

6. B.A.G. Schrauwen; R.P.M. Janssen; L.E. Govaert;
H.E.H Meijer Macromolecules 2004, 37, 6069.

7. International standard ISO 604:2002.

8. E.M. Odom; D.F. Adams J. Test. Eval. 1994, 22,
104.

9. P.B.Bowden; J.A. Jukes J. Mater. Sci. 1972, 7,
52.

10. R. Quinson; J. Perez; M. Rink; A. Pavan J. Mater.
Sci. 1997, 32, 1371.

11. B.L. Boyce; T.B. Crenshaw, Sandia Report
SAND2005-5678, Sandia National Laboratories,
USA, 2005.

12. C. R. Siviour; S.M. Walley; W.G. Proud; J.E.
Field Polymer 2005, 46, 12546.

13. K. Liu; M.R. Piggott Composites 1995, 26, 829.

14. C. Xiang; H.-J. Sue J. Appl. Polym. Sci. 2001, 82,
3201.

15. C. G’Sell; S. Boni; S. Shrivastava J. Mater. Sci.
1983, 18, 903.

16. G. Hedner; R. Selden; P. Lagercrantz Polym. Eng.
Sci. 1994, 34, 513.

17. K.Liu; M.R. Piggott Polym. Eng. Sci. 1998, 38, 60.

18. K.Liu; M.R. Piggott Polym. Eng. Sci. 1998, 38, 69.

19. S. Glaser; A. Wiist; D. Jansen Kunststoffe, 2006/9,
168.

20. E.M. Parsons; M.C. Boyce; D.M. Parks; M.
Weinberg Polymer 2005, 46, 2257.

21. P.A. DuBois; S. Kolling; M. Koesters; T. Frank
Int. J. Impact Eng. 2006, 32, 725.

22. International standard ISO 1873-2:2007.

23. 1. Horsfall; C.H. Watson; C.G. Chilese in Fracture
of Polymers, Composites and Adhesives II, B.R.K.
Blackman; A. Pavan; J.G. Williams, Eds.,
Elsevier, 2003; 221-229.

Proceedings of the Polymer Processing Society 24th Annual Meeting ~ PPS-24 ~ June 15-19, 2008 Salerno (Italy)




<<
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




