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Verification of the Simulation
Results for Mold Filling Processes
in Ceramic Injection Molding

Fig. 1 Filling simulation (Moldex3D®) for
a prismatic rod with a blind hole and a
40 % filling on the basis of the modified
cross model
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Fig. 2 Introduction

Real mold filling
experiment based
on the injection
parameters of the
simu-

lation (Fig. 1)

In April 2008, the Expert Group on
Ceramic Injection Molding was
established within the German
Ceramic Society. The expert group is
a network which consists of fifteen
companies and two research institu-
tions and applies ceramic injection
molding as innovative shaping
method to produce ceramic com-
ponents in large quantities. It is one
objective of the network to jointly
solve technological problems in
order to increase the importance of
CIM and to spread this shaping
method. One of these questions
deals with commercially available
simulation tools. It is studied to
what extent they can be used to
exactly reflect critical aspects of
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mold filling processes such as jetting,
formation of weld lines or the influ-
ence of different material and
process param-eters on the filling
behavior. For this reason, the mem-
bers of the Expert Group on Ceram-
ic Injection Molding designed and
built a test tool with numerous
inserts by means of which different
kinds of mold filling aspects can be
studied and compared with the sim-
ulation results. In a round robin test
the filling behavior of two feedstocks
is simulated with different simulation
tools and compared with the real fill-
ing behavior experimentally studied.
For this comparison, light-micro-
scopic im-ages of the filling fronts
and x-ray computed tomography
images of the green bodies as well as
data of internal pressure sensors are
used.

Experimental

The test tool designed by Arburg
GmbH + Co KG allows one to injec-
tion-mold a prismatic rod of the
dimensions 7 mm x 7 mm x 70 mm
either as full rod or with through or
blind holes. In addition, one surface
can be equipped with a zigzag
insert. The sprue system can be real-
ized as film or as semicircular gate.
The tool can be operated under vac-
uum. Furthermore, it has two tem-
perature control systems. One chan-
nel provides an optimal temperature
control of the two cavities, the other
one results in a bad temperature dis-
tribution. An infrared camera was
used to study the heating behavior
of the tool in dependence of the
selected temperature control sys-
tem.

The alumina feedstocks Catamold®
AO-F (BASF SE) and INMAFEED
K1008 (Inmatec Technologies GmbH)
were used for the filling simulations
and experiments. For both materials
the simulation input data such as
pVT diagrams, thermal conductivity,
specific heat, Young’s modulus,
shear viscosity, extensional viscosity
and density were determined. For
the simulations, three commercially
available simulation tools were used:
Moldex3D (Simpatec GmbH), Mold-

flow (Autodesk) and Sigmasoft (Sig-
ma GmbH). In order to verify the
simulation data the mold filling
process as well as the pressure distri-
bution were used whereas the ther-
mal behavior and thermal stress in
the injection-molded components
were not considered in detail. In the
mold filling experiments the tool
temperature, injection speed and
sprue geometry were varied. Fur-
thermore, the influence of a vacuum
was investigated. The temperature
setting of nozzle and the injection
unit were selected according to the
specifications of the feedstock
manufacturers, and maintained at a
consistent level during the experi-
ments. The injection-molded com-
ponents were debinded and sintered
according to the manufacturer’s
specifications.

The components were characterized
by light-microscopic images and
density determinations. In addition,
both alumina feedstocks were mixed
with maximum five weight percent
zirconia feedstock, based on the
same binder systems, in the plasti-
cization unit in order to obtain a bad
mixing of both materials. This mass
was used to injection-mold test
specimens which were characterized
in the green state by x-ray comput-
ed tomography (CT Compact, Procon
X-Ray and  Fraunhofer-Entwick-
lungszentrum Roéntgentechnik). On
account of the material contrast
caused by the alumina and zirconia
materials, flow lines, wake spaces
and weld lines can be well under-
stood and compared with the simu-
lation results.

Discussion and Evaluation

The filling experiments showed that
the test tool puts a lot of require-
ments on the simulation tool despite
its relatively simple geometry. The
results obtained with the Moldex3D
simulation tool make clear that the
selection of the model on which the
simulation is based and which can
freely be chosen by the user, has a
decisive influence whether the simu-
lation results are in agreement with
the real mold filling behavior. It was
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Fig. 3 Simulated speed vectors in a prismatic rod with through holes

Fig. 4 CT images of a prismatic rod with through holes, injection-molded with a marking feedstock consisting of a mixture of powders
with different attenuation coefficients for x-ray emissions

shown that particularly the start of
the injection process, when the feed-
stock flows into the cavity and hits
the opposite tool wall, a free jet
resulting in weld lines, which are
maintained during the whole injec-
tion process, is one of the main
problems of the simulation. Further-
more, it was proved in experiments
and by simulations that the filling
process is influenced by the sprue
geometry. Additionally, the experi-
ments showed how an applied vac-
uum affects the filling speed. Par-
ticularly valuable results were ob-
tained by characterizing the com-
ponents made from the marking
feedstock by means of x-ray com-
puted tomography. These recon-
struction images were compared
with the simulated speed vectors
and the light-microscopic images of

the feedstock front. In this way many
correspondences can be recognized
between the real component and
the simulation.

Summary

The studies showed that there is a
significant demand for the further
development of existing simulation
tools with the aim of better under-
standing the mold filling process. It
was proved that the selection of
the model on which the simulation
is based has a decisive influence on
the precision of the simulation. In
the further development of the
simu-lation tool it is important to
consider the feedstock as multi-com-
ponent system consisting of a binder
system and a powder. Additionally, it
must be emphasized that a simula-

tion tool can only be as good as
the simu-lation input data deter-
mined before. By continuously
improving the simu-lation results the
requirements on the determination
of rheological, mechanical and ther-
mal parameters of the feedstock
under consideration of the shape,
the specific surface and the particle
size distribution of the powder will
increase.
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The test tool and other results from practice are presented at this year’s Hannover Messe in Ceramics Meeting
Point. Visit the Expert Group on Ceramic Injection Molding in hall 5, booth E40.

cfi/Ber. DKG 84 (2007) No. 9

E 29




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /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 /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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.)
    /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 [612.000 792.000]
>> setpagedevice


