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Introductions

• Eric Bowersox

– Lab Manager, Beaumont Advanced Processing

– B.S. Degree – Plastics Engineering Technology - Penn State Behrend

– 14 Years in the Plastics Industry

• 3 Years Mold Designer

• 11 Years Process Engineer/Trainer

• Jennifer Schmidt

– Moldflow® Instructor, American Injection Molding (AIM) Institute

– Design Engineer, Beaumont Technologies

– B.S. Degree – Plastics Engineering Technology - Penn State Behrend

– 19 Years in the Plastics Industry

• 11 Years performing Moldflow Analyses

• Autodesk Moldflow Expert Certified



Learning Objectives

• Why Beaumont?

– The history behind the acquisition

• How is material characterized?

– What tests are performed

• Where is it used in the software?

– How the quality of material data affects accuracy



Quick Questions

• What makes Autodesk Moldflow valuable?

– The accuracy of the simulation

• What makes Autodesk Moldflow accurate?

– The user

– The software

– Material characterization

• What makes material characterization accurate?
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Beaumont Advanced Processing Lab

• What makes material characterization accurate?

– Testing equipment

– Testing procedures

– Trained technicians

• 80% of all testing utilizes molded specimens  

– Moisture content when molding

– Residence time 

– Actual melt temperature

– Combined effects on material degradation

• Without properly manufactured test specimens



Beaumont Advanced Processing Lab

• Current testing offered:

– Thermal Expansion  (CTE): Longitudinal and Transverse

– Specific Heat (Cp): Transition and Ejection temperatures  

– Shrinkage Correlation (Corrected residual in mold stress - CRIMS) 

– Mold Verification

– PVT 

– Melt and Solid Density

– Viscosity: IMR and Capillary 

– Pressure Dependent Viscosity 

– Mechanicals:  Tensile Modulus and Poisson’s Ratio



Viscosity- IMR

Equipment- Arburg Allrounder 270s



Viscosity- IMR

• Additional values captured during IMR testing

– Juncture Loss

– Extensional Viscosity



Viscosity- Capillary Rheometer

Equipment- CEAST Smart RHEO
Test Standard- ASTM D3835 Standard Test Method for 
Determination of Properties of Polymeric Materials by 
Means of a Capillary Rheometer



Capillary Vs. IMR Viscosity Testing

• Capillary rheology

• Pros:
– Most widely available

– Good reproducibility on most 
polymers

– Standardized ( ASTM D-3835 )

• Cons:
– No shear or pressure during 

plastication

– Long dwell times ( 5-6 minutes) 
prior to testing

– Long test times ( 1 - 4 minutes )

– May not represent in-mold 
polymer behavior

– Does not test long fibers 
accurately

• IM rheology

• Pros:
– Plastication similar or identical to injection 

molding process

– Plastication quickly through shear and 
pressure, also better mixing

– Higher shear rates 60,000 reciprocal sec 

– Short dwell (residence) times (0.5 - 2 min.)

– Short test times ( << 1 minute )

• Cons:
– Temperature transient prior to test start

– Requires more material

– Long fiber breakage due to screw



Melt & Solid Density

• Equipment- Gnomix PVT Apparatus



Specific Heat

• Equipment- Diamond DSC

• Test Standards-

– ASTM E1269 Determination of Specific Heat 
Capacity by DSC



Transition and Ejection Temperatures

Equipment- Diamond DSC
Test Standards-

ASTM D3418 Transition Temperatures of 
Polymers by Differential Scanning 
Calorimetry



Tensile Modulus and Poisson’s Ratio

• Equipment- MTS Sintech 5/G

• Test Standards-

– ASTM D638 Standard Test Method for 
Tensile Properties of Plastics

– ASTM E132 Standard Test Method for 
Poisson’s Ratio at Room Temperature



Coefficient of Linear Thermal Expansion

• Test Standards-

– ASTM D696 Coefficient of Linear Thermal Expansion of 
Plastics

– ISO-11359 Measurement of Conductive Liquid Flow in 
Closed Conduits 



Shrinkage

• Equipment- Krauss Maffei KM 160-1000CX; OGP Flash 400



Mold Verification

Equipment- Krauss Maffei KM 160-1000CX



Pressure Dependent Viscosity

• D3 term in Moldflow



Factors that Affects Accuracy

 Solver Technology

 Component Modeling

 Material Data

 Process Conditions



Material Properties

• Material Characterization
• When was it tested?

• Material formulations may have changed

• What data is available?
• Bronze, silver, gold (Autodesk Moldflow)

• Indicates level of characterization

• Data (Moldflow .udb file)
• PVT
• Melt density
• Thermal conductivity
• Specific heat
• Transition temperatures
• Etc…



Description



Processing



Rheological

• Transition temperature is the temperature at which the 
polymer transitions from a molten state to a solid state.
– Amorphous: (Tg) glass-transition temp
– Semi-Crystalline: (Tc) crystallization temp



Comparing Viscosity

Polypropylene 2
20 MFI 230°C/3.8Kg

Polypropylene 1
12 MFI 230°C/3.8Kg



Juncture Loss 

• The pressure drop observed when the melt passes 
through contractions in the feed system

• Used in beam feed systems for MP, DD or 3D 

• Helps improve pressure prediction

• If JLC are not available on your selected material

– run the analysis with and w/o JLC using typical values

• If the analysis results show that juncture loss is significant:

– Get the material characterized for JLC



Extensional Viscosity

• A measure of the resistance of a polymer to stretching forces

– When a polymer flows through a large cross section to a smaller one, 
it will be stretched longitudinally, which will result in a pressure drop. 

• Pressure drop due to extensional effects often occurs when a material 
flows from a large runner into a very small gate. 

• Only used in 3D elements

• Helps improve pressure prediction

• Use when the extension rate is higher than 200 1/s

– as the EV may significantly increase the injection pressure required 



Pressure Dependence

• Typically D3 for Cross-WLF = zero

• Increases pressure prediction

• Not in the standard testing

– Must request specific characterization

• Important for:

– Thin wall molding, less than 2mm

– Flow length to thickness ratios are greater than 100

– Injection pressures are greater than 100 MPa

– Polymers that exhibit a tendency for pressure dependence

Source: Mahishi, M., Material Characterization for Thin Wall Molding Simulation, ANTEC 1998
Eric Foltz, Influence of Material Characterization & Modeling For Improved Pressure Prediction , AU 2014



pvT



Thermal Data



Thermal Data

Single point dataMulti point data



Thermal Data

Single point dataMulti point data



Shrinkage



Moldflow Shrinkage Testing

• Corrected Residual In-Mold Stress coefficients (CRIMS)

• Dual Domain and Midplane only

• Corrects for gap between lab vs. production environment

Parallel Shrinkage
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Mechanical

*Supplemental Data        
shows in red text



• MQI’s are simple 3 tier descriptions of the quality of material properties 
(Gold, Silver, or Bronze)

• Thermoplastic materials only

• Weighted scale used

• Accurate Material Data = Accurate Simulation Results

• How data is measured matters

– Test Methodology, Single/Multiple Point

• Source of data matters

– Supplemental data, Tested in certified Lab

• MQI is not a static measure 

– Data quality reduces with time

Material Quality Indicators 



Material Quality Indicators

• Fill Quality Indicator –
Investigates the quality of the 
Viscosity, Specific Heat Capacity 
and Thermal Conductivity data



Material Quality Indicators

• Packing Quality Indicator –
Incorporates the quality of the 
Fill Quality Indicator results and 
the pvT data

• The Packing and Warpage 
Quality Indicator cannot exceed 
the previous Quality Indicator 



Material Quality Indicators

• Warpage Quality Indicator –
Incorporates the suitability of the 
Packing Quality Indicator along 
with the Mechanical Property 
and Shrinkage data

• Warpage requires either:

– Mechanical data or Shrinkage data

• This is a mesh type specific concern for analysis. 

– DD/Midplane mesh uses shrinkage data (like CRIMS)

– 3D mesh uses mechanical properties



MQI Ratings

• A Gold rating indicates a high confidence in the quality of the material 
data for the analysis type. When accurate analysis results are critical, it is 
recommended that a material with a Gold rating should be used. 

• A Silver rating can result from a combination of well tested, and 
supplemental material data. For example, a material might have a Gold 
Packing Quality rating but use supplemental Mechanical Properties data. 
This could result in a Silver Warpage Quality Indicator rating. 

• Bronze ratings can reflect problems such as incomplete data sets, the 
extensive use of supplemental data and untested material properties. The 
use of Bronze-rated materials can still generate good results, but these 
results should not be relied upon to determine critical requirements such 
as precise warpage or shrinkage allowances used for the cutting of molds. 



The Future

• Duplicate

• Low hanging fruit

– Ease of ordering



How do I order material characterization? 

• Online ordering @ www.beaumontinc.com 



How do I order material characterization? 



How do I order material characterization? 



The Future

• Duplicate

• Low hanging fruit

– Ease of ordering

– Decrease lead times

• Online ordering

• Collaboration with Beaumont Advanced Processing

• Machining of test specimens from mechanical plaques

• Future research

– Collaboration with Australia

– Internal research



The Future

1999



The Future



The Future



The Future



The Future



Beaumont Contact info

Webpage: http://www.beaumontinc.com/material-testing/ 

moldflow-material-characterization/

Email: info@beaumontinc.com

Phone: 814-899-6390

Current Address: 1524 East 10th St. Erie, PA 

New Address: 6100 W. Ridge Rd. Erie, PA 

http://www.beaumontinc.com/material-testing/moldflow-material-characterization/
mailto:info@beaumontinc.com

