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Micromoulding

1. High shear rheometry

 To evaluate the validity of power law viscosity models for thin 

walled/micromoulded products with high shear rates

2. Flow front / shrinkage predictions

 Investigate simulation performance for micromoulded products

3. Thermal considerations

 High surface area/volume ratio for thin wall and micro scale mouldings means 

that boundary conditions at polymer mould interface have significant influence 

over product properties.  Ongoing to work to investigate thermal contact 

resistance behaviour and validate Moldflow models
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Micromoulding - Experimental details

Tests performed on Fanuc S2000i100A High Speed IMM



© 2011 Autodesk 

Nozzle design

 Capillary die is retained by a locking 
nut

 Kistler high temperature piezo-
resistive nozzle sensor provides 
pressure and temperature 
information

• Long capillary die installed and machine 
allowed to soak for 30mins to ensure 
temperature is consistent

• Full extent of screw back (70mm) 
performed with no decompression 

• Injection delay of 120s to allow temperature 
to stabilise

• 3 measurements taken at each injection 
velocity/shear rate

• Plateau selected by the user after each 
experiment

• After all velocities/shear rates are 
completed a zero length die is fitted and 
experiments repeated
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High shear rheometry data - Makrolon LED 2045/Nanocyl CNT

Makrolon 1% Nanocyl 280C

Makrolon 1% Nanocyl 290C

Makrolon 1% Nanocyl 300C

Makrolon LED 2045 280C

Makrolon LED 2045 290C

Makrolon LED 2045 300C

Data shows that a critical shear rate occurs, above which power law behaviour no longer exists.  This critical shear rate is 

affected by temperature and presence of nanofillers.  We must ensure that the simulation environment does not exceed this 

critical shear rate to ensure an accurate solution
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Flow visualisation for simulation validation

 Flow visualisation a useful tool for evaluating Moldflow but it is difficult to assess 

differences in flow front profile as this is highly geometry dependent

 Created a new wedge shaped cavity form in order to increase sensitivity of flow 

front profile to process conditions
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Flow visualisation

 High speed camera (>10 000 fps)

 Sapphire window in cavity

 Monochromatic lighting

 Measurement of

 Flow front position

 Shrinkage behaviour

 Stress-induced birefringence
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Experimental method

 DOE performed with full flow 

visualisation for measurements of flow 

front progression and shrinkage

 DOE repeated in the MF environment 

using flow rates calculated from 

injection piston area and velocity

 Work performed to optimise/refine the 

mesh for convergence of results with 

acceptable solution times
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Experiment 1 – flow front
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Experiment 1 – flow front
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Experiment 1 – average volumetric shrinkage
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Flow front profiles

Expt 1

Expt 3

Expt 5

Expt 7

Expt 11

Expt 9

Expt 13
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Thermal imaging system

AGA thermovision system uses a 

single sensor and two rotating 

prisms to form a full field image.

By halting the vertical scanning 

prism, line scan images can be 

obtained at a rate of 2500Hz.

Analogue data output and start-

of-frame signals have been 

intercepted and digitised to 

produce digital line scan thermal 

images.
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Calibration data  

Curves for two polymers overlap – similar emissitivity

No abrupt changes during phase changes

No outlying points – piecewise linear curve fit



© 2011 Autodesk 

IR Contour evolution at different injection rates – BASF 158k

Time

Higher velocity -> Higher measured temperatures

Increased shear heating

Decreased cooling in runner system
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Cooling curves for BASF 158K PS
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Part 2 – Fibre Polymer Composites
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Fibre Polymer Composites

1. Experimentally determined fibre orientation

2. Fibre prediction models

3. Example geometry analysis

4. Effect on final product properties

5. Look to the future
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Experimentally Determined Fibre Orientation
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Fibre Polymer Composites

1. Experimentally determined fibre orientation

 How to define fibre orientation

 ‘State of the art’ fibre orientation measurement

 Leeds based system (cutting edge technology)

 Upgrades to exploit improved computational power

 Example orientation distribution

 Path through from sample preparation to final orientation plot
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How to define fibre orientation distribution
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‘State of the art’ Fibre Orientation Measurement Method

 Windows 2000 based PC (2.4 GHz P4, 2 Gb ram, 40 Gb HD)

 Microscope with computer controlled stage (movement to 

1m accuracy)

 In-house developed software

Details

 High magnification (for accurate orientation measurement)

 Large areas using frame matching (up to 25mm square)

 Large numbers of fibres to improve statistics (>1 million)

 High speed and small file sizes through on-line calculation of 

parameters

 Automatic scanning using auto threshold and autofocusing

Get better picture

Experimentally Determined Fibre Orientation
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Single frame at high magnification

768 x 576pixels:190mx150m

Multiple frames scanned in a raster fashion 

fibres matched between frames

Elliptical parameters determined for each fitted 

ellipse (in red)

Steps during fibre measurement

Sample Preparation

Image Capture

Threshold

Image

Ellipse Fitting

Large Area 

Reconstruction



© 2011 Autodesk 

After polishing but before etching After etching using a plasma etch

Sample preparation is crucial for obtaining reliable data. The samples to be examined are 

set into epoxy and polished using various polishing mediums (finest is 0.5m alumina)

A plasma etch is finally used (if required) to give contrast between fibres and matrix
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Composite samples are first burnt in a furnace to separate out the fibres.

Scanning is carried out using transmitted light and a low magnification (screen size ~ 1mm square).
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Section through an injection 

moulded gear tooth

Long glass fibre 

reinforced epoxy:

junction between 

laminates

Flow through a 

convergent die
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Fibre Orientation Predictions
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This data would normally be 

used to calibrate a midplane

or 3D Moldflow model

Typical Fibre Orientation Distribution Plots
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Fiber orientation prediction

Midplane / Dual-domain 3D

Folgar-Tucker Folgar-Tucker (Default)

Modified Folgar-Tucker (Dz) : 

(Default)

-

RSC RSC
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Test Case 1 – Flat Plate
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Two geometries have been investigated in both midplane and three-dimensional 

analyses. All parts were moulded from Rhodia Technyl C216V40 (40% glass filled 

Nylon)

Test geometries

2 and 4 mm thick flat plate, 

40 mm wide 120 mm long 

with a 1 and 2 mm thick fan 

gate.
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 how to set ci, dz, rsc
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert video ci step dance

table of ci values

fixed dz=1
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert Moldflow default
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert video Dz step dance

table of dz values

fixed ci=?
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Midplane Analysis – modified Folgar-Tucker (2mm plate)

 Combinations of Dz and ci were also trialed and found to significantly improve fibre orientation 

predictions compared to the unmodified case.
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert Moldflow default
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert video RSC step dance

table of RSC values

fixed ci=?
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Midplane Analysis – RSC (2mm plate)

 The RSC analysis was found to closely predict measured fibre orientation with a ci value of 0.057 and 

RSC of 0.05.
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Midplane Analysis – Folgar-Tucker (2mm plate)

 Various ci values have been tested and compared to experimental fibre orientation data at both 

locations. ci = 0.03 was found to be optimum.

Location A Location B

insert Moldflow default
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Three-Dimensional Analysis – Folgar-Tucker (2mm)
Location A Location B

ci=0.03 ci=0.03
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Three-Dimensional Analysis – RSC (2mm)
Location A Location B

ci=0.03, RSC=0.05 ci=0.03, RSC=0.05
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Effect on Final Product Properties
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EXPERIMENTAL STUDIES
FOD characterisation: Ribbed plate

Y

XZ

EXX EYY

Position a 5.28 ± 0.08 5.00 ± 0.17

Position b 6.46 ± 0.19 3.96 ± 0.17

• Differences in the FOD structures at the two positions lead to a 

significant difference in elastic properties at the two positions.
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EXPERIMENTAL STUDIES
FOD characterisation: Ribbed plate

Y

XZ

Sample 1 Sample 2 Sample 3 Average

EXX 5.35 5.20 5.30 5.28 ± 0.08

EYY 5.20 4.90 4.90 5.00 ± 0.17

EZZ 2.15 2.15 2.15 2.15

• Maximum  random error (<5%) similar to measurement error.

• If parts are made under carefully controlled processing conditions then the 

FOD (and hence mechanical properties) should be very similar
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Finite Element Material Model 
Experimentally determined FOD translation 

FOD measurements were averaged into 11 

laminates through the sample thickness, for 

locations A and B

Using the Tandon-Weng model the modulus 

of the matrix and glass along with 2nd and 

4th order orientation tensor allowed the 

construction of a simplified experimentally 

determined material model. This has been 

implemented as a composite lamina shell 

within ABAQUS
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% across thicknessE11 E22 E33 v21 v31 v23 G12 G23 G13

4.545455 7.017588 2.432153 2.041703 0.668601 0.208117 0.389427 2.104 0.69408 0.8424

13.63636 7.548114 2.477238 2.046581 0.608955 0.245952 0.404645 1.911653 0.704766 0.877193

22.72727 6.976536 2.858234 2.131471 0.534545 0.287124 0.38962 1.937135 0.734218 0.91151

31.81818 5.728085 3.726031 2.129983 0.438107 0.34626 0.360496 2.095454 0.750022 0.90911

40.90909 3.654108 5.552635 2.110226 0.277131 0.417758 0.32009 2.039296 0.90066 0.911789

50 2.534751 6.76179 2.175956 0.188392 0.417113 0.32078 1.739304 1.121888 0.903562

59.09091 4.062509 4.938776 2.143602 0.325888 0.389375 0.327 2.127513 0.873485 0.909495

68.18182 6.11021 3.400595 2.116261 0.478855 0.316338 0.374865 2.086543 0.746215 0.887936

77.27273 7.173282 2.874047 2.106366 0.519549 0.30236 0.395253 1.886418 0.722488 0.918599

86.36364 7.987162 2.445187 2.032573 0.570146 0.282674 0.413351 1.760077 0.699407 0.923411

95.45455 7.377152 2.632931 2.04733 0.571763 0.275645 0.40254 1.914985 0.707738 0.900263

Location B FOD
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Finite Element Material Model 
Direct translation from numerical predictions
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Finite Element Material Model 
Direct translation from numerical predictions
Moldflow MPI 5.0 and ABAQUS 6.3 Translator

Two output files are created during the translation 

.pat file defines the finite element mesh

.osp  file describes material properties and residual stresses. Material property 

data includes elastic and thermal expansion coefficients for each element. For fibre 

filled materials elastic moduli are given in terms of lamina composite shell material 

constants oriented in terms of elemental principal directions.

An additional ABAQUS interface (ABAQUS MOLDFLOW) is required to interpret .pat and 

.osp files

Users are also required to provide composite material property selections ranging from 

the closure approximation model (Orthotropic 3), thermal expansion coefficient model 

(Chamberlain) and micro-mechanics model (Tandon-Weng)
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Finite Element Material Model 
Direct translation from numerical predictions

Translated material properties are described in terms of laminates (20) for each 

element. Each data set defines the element number, layer identifier, moduli in the two 

principal elemental directions, poisson’s ratio, bulk moduli, principal thermal 

expansion coefficients and fibre (material) angle

Specific stiffness = Modulus / Density

In
tro

d
u

c
tio

n
  F

O
D

  M
a

te
ria

l m
o

d
e

ls
 T

h
re

e
 p

o
in

t b
e

n
d

 T
e

n
s
ile

  P
e

d
a

l C
o

n
c
lu

s
io

n
s



© 2011 Autodesk 

Finite Element Material Model 
Adjustments due to material behaviour

Matrix material properties employed 

during Moldflow MPI 5.0 to ABAQUS 

conversion were based upon ‘dry as 

moulded’ modulus, room temperature 

and zero humidity

Material manufacturer supplies two 

values for modulus based on 

environmental conditions which can 

have a significant effect on final product 

performance

Room temp, 0% humidity

E - 2800 MPa

Room temp, 50% humidity

E - 1100 MPa

Specific stiffness = Modulus / Density
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Boundary conditions

Load Case 1 
Three point bending

Three point bend tests were 

initially used to determine the 

validity of composite material 

models

10 mm wide sections taken 

from locations A and B were 

subjected to 1 mm imposed 

central displacement

Reaction forces experienced 

during experimental and finite 

element analysis were 

compared for the three material 

cases.
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Load Case 1 
Three point bending

Typical displacement plot

Experimental
FE model using 

Moldflow FOD

FE model using 

adjusted material 

data

FE model using 

measured FOD

Location A 162 N 437 N 330 N 193

Location B 127 N 361 N 266 N 155 N
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Load Case 2 
Tensile

Boundary Conditions

20 mm

5.0 mm

4.0 mm

Tensile tests were used to 

determine the validity of 

composite material models

5.0 mm wide sections taken from 

locations A and B were subjected 

to 5 mm imposed tensile 

displacement 10 mm from the 

outside edge. The base of the 

sample was constrained in the 

vertical direction.

Reaction forces experienced 

during experimental and finite 

element analysis were compared 

for the three material cases.
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Load Case 2 
Tensile
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Commercial Application 
Automotive pedal

An automotive pedal was moulded from 40 % Rhodia Technyl C216 V40, (40% 

w/w glass filled nylon). As with the three-point bend test and tensile 

investigations the pedal was analysed using Moldflow MPI 5.0 and ABAQUS.

Boundary conditions
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Commercial Application 
Automotive pedal
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Commercial Application 
Automotive pedal

Video of test + fe overlay
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Commercial Application 
Automotive pedal

Load comparison graph

Experimental
FE model using 

Moldflow FOD

FE model using 

adjusted material 

data

Reaction force 350 N 1200 N 700 N

Typical displacement plot
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Test Case 2 – Automotive Component
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Warpage

Automotive component 

supplied by Jaguar, 

moulding from Birkby’s

plastics.

PA66 – 50% short glass 

fibre

Sample surface digitised 

using a 3D laser scanner 

with height resolution of 0.1 

mm. 10 samples scanned 

and compared
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 Insert Moldflow to Alias translational information, cloud point data acquisition 

and  meshing information 
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Warpage
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Look to the Future
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A

B

C

A

B

C

This data would normally be 

used to calibrate a midplane

or 3D Moldflow model
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Slices through the core of 

the sample show complex 

orientation effects at higher 

magnification
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Long fibre orientation
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Long fibre orientation
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Alternative fibre orientation measurement

Fibre diameter has 

increased from ~10 m 

(short) to ~20 m (medium 

to long).

This increase in length 

makes microCT a viable 

option for fibre orientation 

measurement
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Fibre Orientation - Future

1. Experimentally determined fibre orientation

 Existing system has shown more complex fibre orientation than previously 

thought. The significance of fibre bundling on final product properties requires 

further work.

 Existing Leeds system is currently being evaluated for long fibre orientation. 

MicroCT has shown promising results although further investigation is needed.

2. Fibre prediction models

 Apply RSC model to commercially relevant geometries

 Post injection component performance, with specific interest in warpage and 

non-linear mechanical properties

3. Long fibre reinforcement

 Need to consider fibre curvature, break and bundling and the subsequent 

mechanical properties
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Any questions?



© 2011 Autodesk 

Autodesk, AutoCAD* [*if/when mentioned in the pertinent material, followed by an alphabetical list of all other trademarks mentioned in the material] are registered trademarks or trademarks of Autodesk, Inc., and/or its subsidiaries and/or affiliates in the USA and/or other countries. All other brand names, product names, or trademarks belong to their respective holders. Autodesk reserves the right to alter product and 

services offerings, and specifications and pricing at any time without notice, and is not responsible for typographical or graphical errors that may appear in this document. © 2011 Autodesk, Inc. All rights reserved. 


