CMT

Price Estimate to Characterize Material for use in the
COMPRO Process Model

Introduction

In order to be used effectively, COMPRO requires a substantial amount of input data to describe
the time and temperature dependent evolution of material properties. The quality of this
material property data is of paramount importance for producing accurate model results. Given
its specialized nature, material suppliers typically have not developed, or do not share, the type
and quality of data required for COMPRO models. Furthermore, public domain data of this type
is limited only to the most widely used material systems, e.g. AS4 / 8552.

For these reasons a COMPRO user may choose to have a material characterized by CMT,
specifically for use in the COMPRO process model. This document provides an overview of the
procedures followed, and the costs associated with this task. Note that the discussion relates
primarily to curing laminate materials such as pre-pregs and adhesives

Type / Complexity of Model

It is incumbent on the COMPRO user to decide what level of detail and class of problem they
wish to focus on. For instance, some users may be mainly interested in reducing their process
cycle time, while still ensuring that their parts achieve a full degree of cure. In this case, the
characterization required would be limited to that which relates to inputs for the COMPRO
Thermochemical Module. Other users may be interested in residual stresses and final part
shapes, in which case a more extensive suite of property data must be developed. CMT
engineers will work closely with the customer’s engineers and R & D staff to determine the
appropriate level of characterization.

The range of property data of interest is shown in Table 1. A brief description of the problem
classes / complexity and the relevant test procedures is presented in following sections.

Table 1: The spectrum of material property data which a COMPRO user may require.

More Complex

Problem Class Standard Model Extended Model
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More Modulus Development
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Stress *Cure Shrinkage Development
*CTE
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"CMT does not characterize reinforcing fibers. The properties of most fibres are well documented and this information is typically
available from the material vendor.
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Once the user has determined their requirements, CMT will perform (a) the necessary tests and
(b) reduce this data to the appropriate equations or look-up tables for use in COMPRO. The
reduced data will be in a form suitable for use external to COMPRO as well. The price and
timeline associated with characterizing a material to the degree required by the majority of
COMPRO users is shown in Table 2.

Table 2: Price (USS) / Time estimate for recommended material characterization

More Complex

Problem Class Standard Model Extended Model
] Visit
Thermochemical http:/lwww.convergent.ca/ Contact CMT
More Products/pricing.htm
Complex Visit

Stress http://www.convergent.ca/ Contact CMT
Products/pricing.htm

Flow Contact CMT Contact CMT

Thermochemical Problems

If the user is solely interested in thermal management problems (i.e. cure cycle times, degree of
cure development) there is no need for material data which supports the COMPRO Stress or
Flow Modules. The relevant material properties, namely specific heat capacity and the
development of resin degree of cure, are determined through extensive DSC testing.

If COMPRO is going to be used to model particularly thick laminate sections, i.e. > %", than the
user may wish to invest in more extensive characterization of the material thermal conductivity.

Residual Stress / Deformed Shape

For any problems which involve the COMPRO Stress Module, the Thermochemical Module
dataset is pre-requisite. The Stress Module itself requires a data set which describes the
evolution of material modulus, cure shrinkage and Coefficient of Thermal Expansion (CTE) with
respect to temperature and degree of cure. This data is determined from DMA and TMA
testing. Particularly advanced users of COMPRO may wish to consider viscoelastic effects in
which case, a larger range of DMA testing must be performed.

Flow Problems

For any problems which involve the COMPRO Flow Module, the Thermochemical Module
dataset is pre-requisite. Problems in which resin flow is particularly relevant are those involving
bleed material systems or laminates with varying initial local fiber volume fraction. Material
viscosity data is determined using a Rheometer. Advanced users may wish to consider the fiber
bed properties in their model as well, requiring a number of specialized test procedures.
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Quantity and Type of Material Required

The customer must supply all the material needed for testing purposes. The majority of
the tests require only small quantities, hence approximately 1 Ib of material should
suffice for all of the testing. The material must be supplied in the un-cured state.

Intellectual Property Issues

Any material property data-set which CMT develops specifically for a customer is the
property of the customer. This data will not be shared with other COMPRO users, nor
published, without the expressed consent of the customer.

Convergent Manufacturing Technologies Inc.
2386 East Mall, Suite 101, Vancouver, British Columbia, Canada, V6T 1Z3
02/12/2004 Tel: 604-822-9682, Fax: 604-822-9659, inquiries@convergent.ca, www.convergent.ca



	Introduction
	Type / Complexity of Model
	Thermochemical Problems
	Residual Stress / Deformed Shape
	Flow Problems
	Quantity and Type of Material Required
	Intellectual Property Issues


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


