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Material Characterization 
Center



ISO 17025 Certified Material Characterization Center
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Material Characterization Center : Instrument Line-up 2
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Plastic Material Digital Twin



Accuracy of CAE Simulation Depends on Reliability of Plastic Material 
Data

Viscosity：related to filling behavior, short-shot , 
welding line position, filling/packing pressure  and 
clamping force

PVT：related to packing behavior, part shrinkage and 
sink mark issue

Heat Capacity：related to heating/cooling behavior of 
the part, temperature distribution, and cycle time

Thermal Conductivity : related to heating/cooling 
behavior of the part, temperature distribution, and cycle 
time

Mechanical Properties：related to part strength and 
mechanical behavior, shrinkage and warpage
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More Factors to Be Considered

Model parameters



Shear Heating Correction



› Main focuses on retrieving the viscosity curve from viscous heating 
interference 

Correction Process of viscous heating

TR-TP-0001
Shear viscosity (high shear rate) by 

capillary rheometer 

TR-TP-0002
Bagley Correction (optional)

TR-SS0004
Material digital twin – viscous heating 

correction 

Viscosity curve and parameters

Traditional testing

DT correction : Data regression precise correction



Shear viscosity measurement method

Rheograph RG25 
Capillary viscosity and thermal 
conductivity with counter pressure 
equipped

TR-TP-0001 Shear viscosity(medium to high shear rates)-TP
• Capillary die by 1mm/30mm @ MDX

Pressure Flow Die on Rheograph RG25

Capillary
(Poiseuille flow)

Slit flow

Axial annulus flow
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TR-TP-0001
shear viscosity (high shear rate) by 

capillary rheometer 



• Target : 
Curve data correction of non-ideal conditions that exist in the testing process

ￚ non-isothermal, Entrance effect, non-Newtonian, pressure effect, …

Digital Twin Correction 

Pressure 
Sensor

Pressure 
Sensor

ΔPe

TR-SS0004
Material digital twin – viscous heating 

correction 



• Non-homogenous physical properties in the axial directions could be different, which 
are assume constant in the traditional rheometric evaluation

• In a general capillary rheometer, the temperature rising, and uneven distribution will 
lead to data deviation, so that the ideal working equation cannot be 100% valid. 

Distribution in the Flow Field Simulation

୵

 These deviation from ideal assumption will be corrected by Digital Twin
Calibration !



• e.x. Temperature raise up to 30℃ (PS: T=170℃, app Shear rate =5000)

Distribution across tube

Temperature Pressure Shear Stress Shear Rate



Theoretical Justification & Methodology

Viscous Heating Correction

Usually, number of iteration is 4~7

DT



▫ Empty points: without correction

▪ Solid points: after correction

Viscosity Curve Before and After VH Correction



Moldex3D Publication about Viscous Heating Correction



Testing Items

Testing report

Viscosity Curve 
verification-TP

TR-
SS0004

Material digital twin – viscous 
heating correction 

› After correction iteration, the test 
report shown on the right will be 
provided.



› The Viscous Heating will be proportional to the viscosity and the square of shear rate. 
Therefore, the Test correction will be an important for high viscosity material under high 
shear rate conditions.

ￚ Significant material : PC, POM, ABS, HDPE, PEI, PA12, Fiber reinforcement material

ￚ Minor material : PP, LDPE, PA66, TPV

ￚ Insignificant material : LCP 

Summary

𝟐



Warpage Validation



Sensor 
Data

Data 
Collection

Mold System 

Core side:  
9 Pressure 

Sensors

Cavity Side
9 Temperature 

Sensors

Mold Plate 
Temp Sensing 

Moldex3D Molding Research Center : Material Molding Validation
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Build & Improve Shrinkage testcase database by DT

1. Improve integrated API for shrinkage rate report and comparisons
2. Integrated API into the RD auto test
3. Solver accuracy report for release version 
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Injection Pressure Based 
Viscosity Correction
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› Traditionally the viscosity curves are measured under high temperature, and the low 
temperature viscosity are extrapolated from high temperature data.

› The verification of injection molding pressure from very low to high injection speed is  
used to check the artificial solver modification near freeze temperature and calibrated 
the extrapolated part of viscosity curve. That is crucial for thin wall parts, low speed 
injection, and packing stage. 

Objective 
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› Validate injection pressure under various injection speeds and calibrate the low 
temperature viscosity. 

ￚ Determine the optimal extrapolated viscosity curve that yields the closest match between the 
simulated injection pressure and the real injection pressure.

Our proposal : Injection Pressure Based Viscosity Calibration (IPBVC)
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(1)
Capillary Rheometer

(physical twin)

(2)
Measurement

(3)
Material File

(original)

(4)
Simulation & Correction

(digital twin)

(5)
Material File
(corrected)

Reliable 
Simulation 

Use Material Digital Twin to Improve Material Model Parameters



Material Hub Cloud (MHC)



› 8000+ Thermoplastics Materials

Outlook in Material Hub Cloud (MHC) Web Service



Support CSV or MRD file format, and provide template to download for editing

PVT Viscosity

Crystallinity

Thermoplastic Material Fitting Functions



 Digital Material Generator: Allows users to create material file (MTR) for new materials or to 
check basic properties (e.g., viscosity, PVT, heat capacity, etc.) of possible materials. 

31

Digital Material Generator Function



Moldex3D Digital Twin-Driven Simulations

Material DT Design DT Machine DT

Big Data Management Platform

Mold 
Design
Database

Material
Database

Machine
Database

Studio/Solver API interface

Process DT

“Chat” between Digital Twin

Cloud-based System Management 



Thank you


