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Class Summary

This class will review new functionality in Autodesk® Moldflow® Insight
software that represents the current research directions in Moldflow
development. We will discuss several capabillities, including 3D injection
compression molding, conformal cooling support, 3D heater elements,
crystallization analysis, breakage of long fibers and properties of LFT
composites, bi-injection molding, multiple cylinder support for 3D gas
Injection, buckling analysis for 3D warp, improved wall slip calculation,

viscoelastic residual stress, ejection force prediction, and analysis of mold
fatigue.
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Learning ODbjectives

At the end of this class, you will be able to:

» Model injection compression and compression process of 3D pairt
« Achieve improved process simulation accuracy

« Evaluate mechanical property predictions for long fiber composites
» Pre-empt ejection problems in mold design
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Content

« Autodesk Simulation Moldflow Insight 2013
= Crystallization
= Long Fiber Analysis
= Other Improvements

« Scandium Technology Preview (2013)
= Viscoelasticity
= Wall Slip
« New analysis types
= New result types
» Some Research Topics
= New Integrations with Autodesk Mechanical Simulation
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Overview — Crystallization Kinetics

« Motivation for Crystallization analysis
= Theory

« Material Data

« Results

« Validation Examples:
= Shrinkage
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Why Crystallization?

» Solidification
« Single transition temperature?
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Cooling Rate Effect on Solidification
Measured Specific Volume during cooling

0.1 [C/s] |
1.4 [C/s]
32.5 [C/s]
100 150 200 °C 250
T

Fig. 9. Influence of cooling rate an the specific volume of i-PP at a
pressure of 40 MPa. Average cooling rates during crvstallization are
given in the figure

AU Autodesk UniVEFSity © 2012 Autodesk



Shear Rate Effect on Solidification
Measured Specific Volume during cooling after shearing

i 4

100 180 200 °=C 250
T

Fig. 10. Influence of shear flow an the normalized specific volume of Image' IME TeChnOIOgleS
i-PP. Shear is applied as a step function at 139°C, with a shear rate

of 38.5 I/stoatrotal shearof 117. Specific volume with ( /. ) and without

shear flow (O ) is obtained at an average cooling rate during crvstalli-

zation of 1.4°C/s and a pressure of 40 MPa
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Model of crystallization kinetics

-This model was patentea Aby
Moldflow & Univ of Sydney
*Autodesk has exclusive

: b es SARE
AL commercialization rights

Are determined from
DSC Experiments for
each material grade
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Effect of Crystallization on Viscosity

Viscosity
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Effect of Crystallization on Specific Heat
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Effect of Crystallization on Conductivity

Thermal Conductivity
(1) =k (T)+(1—c)k, (T)
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Effect of Crystallization on PVT
PVT / Density
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Crystallization Effect on Flow

« Calculate relative crystallinity (o) due to flow induced nucleation and

temperature:
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Crystallization: Material Data Avallability

« 20 grades have been characterised
= 10 unfilled
« 10 fiber filled

» Other grades populated with generic
parameters from these 20
« Not considered accurate

« Material characterisation for
Crystallization Is available from
Autodesk Moldflow Laboratory
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Relative Crystallinity Result

« Varies through thickness and with time

Crystallization: Helative crystallinity 2 Plot
Crystallization: Relative crystallinity Mormalized thickness = 1.000
Mormalized thickness = -1.000

Time = 9.051([s]
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Crystallization: Relative crystallinity: > FPlot A TR,E7O '.f

Scale (7O mm) Mormalized thickness = 0.8640

m 8185

Model courtesy of Mogens Papsge
NovoNordisk, Denmark
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Final Relative Crystallinity

« Continues the crystallization calculation post-ejection

Crystallization: Final relative crystallinity
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Predicted Modulus, E;; & E,,

Crystallization: Mechanical properties E22

« VVaries through thickness
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Linear Stiffness Modulus from Crystallization

= Anisotropy In stiffness due to morphology

= Unfilled PBT
= Normalised Thickness = 0.88

Flow Direction

Crystallization: hdechanical properties E11:XY Plot

-1.000 -0.7500 -0.5000 -0.2500 0.0000 0.2500 0.5000 0.7500 41.000 1.250
Mormalized thickness .
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Coefficient of Linear Thermal Expansion from
Crystallization

« Anisotropy In thermal expansion coefficient due to morphology
« Unfilled PBT
« Normalised Thickness = 0.82

Flow Direction Perpendicular Dlrectlon
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Validation of Linear Shrinkage Prediction

» Shrinkage measured In the flow direction (parallel) and across the flow
direction (perpendicular) on long rectangular plaque
» Can assume uni-directional flow
« Various plague thicknesses are tested

No.3 No.2 No.1
pressure transducer pressure transducer pressure transducer

e e
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200mm
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Prediction of Linear Shrinkage with Crystallization

« Improvement in Linear Shrinkage level and Shrinkage Anisotropy

Parallel Shrinkage ) PerpendicularShrinkage

~Ed
S,
(n )
I!':I:Iﬂ
-
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Shrinkage/%

—il- Cryst off para
—=—LCryst On para - =—==Cryst On perp

Exp para _ Exp perp

7 B 9101112131415161718192021 222324252627 28 2 3 H 7 B 9101112131415161718192021222324252627 28
Test number Test number

Unfilled PBT
Shrinkage correction (CRIMS) Is not used In this example
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Shrinkage Prediction without Flow Induced
Crystallization

« Anisotropy = Perpendicular Shrinkage / Parallel Shrinkage

& Measured

3
3
5
r.-:

[ No Crystallization
Crystallization
= noF.l. Crystallization

2.2 3

Thickness (mm)

Unfilled PBT
2hrinkage correction (CRIMS) Is not used In this example
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= Crystallization
= Long Fiber Analysis
= Other Improvements

« Scandium Technology Preview (2013)
= Viscoelasticity
= Wall Slip
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Advances In Fiber Composite Prediction

= Orientation Theory

= VValidation Case Studies
= Short Fiber
« Long Fiber

= Long Fiber Breakage Theory
« Validation Case Studies
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RSC Model Captures Slow Orientation Kinetics

» Folgar-Tucker model was modified with two phenomenological assumptions of:
» Reducing eigenvalue growth rate of orientation tensor by «(x < 1)
« Keeping eigenvector rotation rate of orientation jg@r unchanged

» Reduced Strain Closure (RSC) model Is

DA_(W-A—A-W) +&D -

Dt
+I — 3A)

a B O
« Closure term A: Dis repla g g — (L — MEA)]:D
= Diffusion term reducg Oy

K)(L — M@] D)

= x controls the rad
= AS x decreases
<4

= x IS determined by
<+ Wang, J., J. F. O'Gara, and C. L. Tucker lll. “An pre Model for Slow Orientation Kinetics in Concentrated Fiber Suspensions: Theory and Rheological Evidence.” Journal of Rheology

52(5): 1179-1200 (2008). y
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ARD Model Accounts for Anisotropic Interactions

« [sotropic diffusion term in Folgar-Tucker model Is replaced with anisotropic diffusion to

represent fiber interactions in long fibers
« Rotary diffusion is defined on the surface of the unit sphere traced by all orientations of the

unit vector
« Anisotropic Rotary Diffusion (ARD) model Is written as
DA
Dr W-A—A-W)+(D-A+A-D—2A:D)

+ @(Z2C — 2(rC)A — 5(C-A + A-C) + 10A:C)

= Rotary diffusion tensor C Is constructed from A and D as

D D?
« b, (1=1, ..., 5) are scalar constants and selected by matching experimental steady-state

orientation and requiring stable orientation
» RSC model can also be incorporated with ARD model

<+ Phelps, J. and C. L. Tucker lll. “An Anisotropic Rotary Diffusion Model for Fiber Orientation in Short- and Long-Fiber Thermoplastics.” Journal of Non-Newtonian Fluid Mechanics 156(3): 165-176 (2009).
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New In Insight 2012 Fiber Solver

« Midplane/Dual Domain
» New set of CRIMS data for RSC (short fibers) and ARD-RSC (long fibers) models
« Updated CRIMS correlation
« Default inlet orientation changed to "aligned at skin/random at core”

= Fiber orientation calculation in beam elements, and option of gate or injection location
to apply inlet orientation

= 3D

Fiber Onentation Solver Parameters § : _ Fiber Cnentation Solver Parameters

Calculate fiber orientation using Calculate fiber orentation using

RSC or ARD-RSC model {detemmined by fiber length) » | Reduced Strain Closure factor .05 0 | RSC or ARD-RSC model {determined by fiber length) - | Reduced Strain Closure factor

Moldflow model with auto-calculated Ci and Dz values

Moldflow model with auto-calculated Dz and specified Ci

Moldflow model with specified G and Dz values | Injection location
ot ~d ;

Apply fiber inlet condition at

RSC or ARD-RSC model (determi N _
RSC model with specified G | Fiber inlet condition
Fibers aligned at skin / mndom at core

Composite property calculation options. .. | Compaosite property calculation options. .. |
IUsersupplied inlet orientation

OK || Camcel || Help | 0K || Cancel || Help
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Fiber Orientation Measured 1n a Series of Part

» Parts were injection-molded by Delphi and
PNNL/ORNL G

» End-gated ISO plagues and center-gated |
disks, In different thicknesses and filled at
different injection rates

« Short-fiber-reinforced PBT In Delphi parts
« Long-fiber-reinforced PP In PNNL-ORNL parts

1.5.20.3.0.6.0mm

« Fiber orientation was measured by Delphi ‘
and PNNL/ORNL for their respective parts |
« Cut on centerline and radial direction | |

« Image scan and data extraction on Cross-
sections at A, B, C

1.5.2.0.3.0.6.0mm
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RSC Model Gives Good Predictions (Midplane/DD)

Delphi 1.5 mm plaque, fast injection rate Delphi 2 mm disk, slow injection rate
Dual Domain Midplane

= Measured - Measured
“' — Ci/Dz | — Ci/Dz
~— ‘z\ —=RSC » ‘ == RSC
\ - A2?2 (data) S - A22 (data)
I -

[\

(7p)
)
C
(¢b)
C
o
Q.
=
(@)
(@)
C
2
)
©
i
C
Ig
—
o
-
(¢b)
@)
y—

0.4 0.5 0.6 . . . . . : 0.4 0.5 0.6
normalized thickness normalized thickness

AU Autodesk Unive rSity © 2012 Autodesk



ARD-RSC Gives Good Predictions for Long-Fiber
3mm Plaque and Disk (Midplane)

» Predictions by ARD-RSC model show good agreement with data

PNNL 3 mm plaque, fast injection rate PNNL 3 mm disk, slow injection rate
Regio Region B

-~ Measured — Ci/Dz (Ci=0.03)
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Fiber Breakage Model

« Phelps-Tucker Model
= Probabllity of breakage of fibers length |.

Dinh & Armstrong Model / Critical Buckling Force

Tension Zero Compression

/S — \

P,=C,ymax{0, [Il-exp(l -F,/F_,, )]}

C,: Strain Rate Coefficient Parameter
C: Dimensionless Drag Coefficient (Dg)
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Fiber Breakage Model

« Probabllity of creating a fiber of length |, from a fiber
of length |.

( A .
R =G | e S/ S: Distribution
4 o\ S Parameter

ijﬁ, . Number of fibers of length |, which exist at time t

— = — =B M S ]

Nz‘,r+Ar — Nz‘,r B Pz'Nz',rAt T Z Rika?rAt

kk>i
[ =1,2,...., M ;
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Fiber Length Distribution in 3D
Some long fibers pushed to the end?

Fiber length average
Mormalize I

3D ~a | Midplane
Cutting Plane ,. + Near Center

Autodesk

MOLD FLOW® INSIGHT

Scale (200 mm)

Shear rate

Time = 0.0871(s] Shear Rate

Fiber length averaged by number
Time = 3.579[s]

[mm]

7.999 .

6.000
4.000
2.000

0.0000

Autodesk- S
LLLLLLLLLLL ‘® INSIGHT Scale (20 mm)
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Predicted Fiber Length Distributions

b

Fiber length averaged by weight

Norm1,z»:—d thickness = 0.8090

Fiber Length in shearing

Fiber length averaged by weight: XY Plot A 797412

ayer

[ mim ]

11DDI

W 7976
® T334¢

0 0000

-0.7500  -05000 -0.2500 0.0000 0.2500 0.5000 0.7500 1.000
Normalized thickness

Autodesk:

Scale (800 mm)

Midplane
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Mold Thermal Analysis - Cool (FEM)

Modal Cycle Temperature : N305047 On Cavity Surface; Inner curved surface

A

« With Transient Cool Option
« Uses tetrahedral elements to represent the mold
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Speed Improvements in Moldflow 2013

» Midplane & Dual-Domain Flow now use multiple cores
« Average X2 speed-up

« 3D Parallelization now on for all processes
« Automatically optimize number of cores (Insight or Adviser)

= Specify number of cores (Insight) — -

B VAncosoms Task -
Cilm S ticw s Nimw L Lo 00 O
ACIMC ES DA | ST e e e
LA DB ™ Usoge |
SMET "y Vgt v W

« Improved 3D Parallelization for Linux

« GPU now used by: 3D Flow, 3D Warp
& Cool (FEM)

« AMD and Nvidia cards supported
« Must be Double Precision cards

« Ul Speed Improvements
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Other Improvements in Moldflow 2013

« Improved Temperature Convection accuracy for 3D Flow
« This improves filling symmetry
» Fiber Orientation prediction for 3D Reactive Molding processes

= More realistic Automatic Injection Time for 3D
« Typically faster injection than 2012

» 3D Node Layer Number Result Plot
« Non-default Result

3D Reactive Molding
Fiber orientation overlaid with Mechanical properties

AU Autodesk Unive rSity © 2012 Autodesk



Improve Volumetric shrinkage at thin ribs

» Previous thickness averaging error at thin ribs now fixed
« Caused low shrinkage under or near rib

« Now fixed for Dual-Domain (in 2013 version)
» Was Fixed for Midplane in 2012
« Also Influenced residual stress and sink index

“ partmolds_2012
L S N
Vi
Mime = 24 78[s|
. | “Volumetric shrinkage at ejection |

llllllllllllllllllll

(%
= B6.001[%] 7793
el | B

5.000 el IR
4.500 4.500

}A'II'II'I 3.000

F =i N
a8 . 2,761
Y I1084

vl K =0
-_.I .
£ to
MOLDFLOWSINSICHT
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Scandium Technology Preview

Autodesk // Labs_

| ~ e - —— ~ - - pn
EXploring new approaches to desigl

Home

technology
.

It's Alive in the Lab Discussion About

» Free download

 labs.autodesk.com S
» English, Windows only

Technology Previewfor Moldflow Insight

Enhance your injection molding prediction power.

. RGQUireS current Autodesk [o—
Moldflow Insight license

» Provides extended functionality

3.8/5 (6 votes cast)

OVERVIEW

Project Scandium Technology
Preview 2 for Autodesk® Moldflow®
Insight 2012 software extends the
simulation capabilities of the first
technology preview by offering new
capabilities to try out and provide
feedback

and new prototype features for

Transient Mold Temperatures - simulate mold temperature

testing and user feedback

AU Autodesk University

fluctuations during the molding cycle or over many cycles of
production start-up. Now available for 3D Thermoset molding and
Dual Domain Thermoplastic molding (mold cooling only)

Wall Slip - simulate the filling process taking into account a wall slip
criteria where plastic no longer sticks to the wall.

Long Fiber Breakage - calculation of the resultant fiber length of
long fiber composite materials as a result of breakage during the
filling process.

Fiber Orientation for 3D Thermoset molding processes -
improved warpage predictions for molded parts made with fiber filled

Register | Sign In — Search

SR

Email Your Feedback

Join a Discussion

© 2012 Autodesk



Disclaimer

We may make statements regarding planned or future development
efforts for our existing or new products and services. These statements
are not intended to be a promise or guarantee of future delivery of
products, services or features but merely reflect our current plans, which
may change. Purchasing decisions should not be made based upon
rellance on these statements.

The Company assumes no obligation to update these forward-looking
statements to reflect events that occur or circumstances that exist or
change after the date on which they were made.

AU Autodesk University © 2012 Autodesk



Viscoelastic Warpage

Stresses arise from mechanical and thermal strains according to the a
viscoelastic stiffness tensor

epuel2(8) — 2 (22 S ) ar’

o’ o’

Stiffness Mechanical Thermal
tensor Strains Strains

The stiffness tensor Is relaxed according to time and temperature

AU Autodesk University © 2012 Autodesk



Dynamic Modulus Time-Temperature Superposed

= Visco-elastic data used for Birefringence and Viscoelastic Residual
Stress Calculations

« Measured on parallel-plate rheometer

240.0
220.0
200.0

180.0

1600
<o

140.0

120.0

100.0

30.0

60.0
10740 107107 1021025107 0% 10! 90% 90 10! 90 40%: 10t 0% 10* 10" 1!

Freq [rad/s]
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Viscoelastic Warpage for MP and DD

This viscoelastic model has been implemented in Midplane and Dual-
Domain in Scandium Technology Preview

Reqguires viscoelastic material data to be measured

Viscoelastic simulation gives more realistic process sensitivity to packing
pressure and packing/cooling time variation

Validate using Shrinkage molding data

No.3 No.2 No.1
pressure transducer pressure transducer pressure transducer

M e e
% 1,2 1,1 !!

40 mMm
N BEEEEE 2 s e
L— \r’
200mm
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Linear Shrinkage on Tagdie Moldings

Mat4642 Uncorrected Parallel Shrinkage

Standard (elastic)
model shows too  Measured
much process —Std Elastic
sensitivity

Uncorrected (no CRIMS) shrinkage In the flow direction for an Amorphous non-fiber
material. (HIPS)

AU Autodesk University



Viscoelastic Warpage on Tagdie Moldings

Mat4642 Uncorrected Parallel Shrinkage

Viscoelastic model

shows much better —Measured
. B —Std Elastic
prOCGSS SenS|t|V|ty —Viscoelastic

Perpendicular
Shrinkage shows a
similar improvement
trend.

Uncorrected (no CRIMS) shrinkage In the flow direction for an Amorphous non-fiber
material. (HIPS)
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Viscoelastic Warpage on Tagdie Moldings

Examine trend with respect to Packing Pressure variation

HIPS 1.1mm

—pe hl2asured

—r— Standard Analysis

E!'I'II
%o
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I
—te— M easured
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s u
—— Standard Analysis

== iscoelastic

=
W
an
m
i
=
=
=
un
2
o
[
m
o

Parallel Shrinkage [%)

L 20 40 &0
Packing Pressure (MPa Packing Pressure (MPa)

Uncorrected (no CRIMS) shrinkage In the flow direction for an Amorphous non-fiber
material. (HIPS)

Perpendicular Shrinkage shows a similar trend.
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Wall-Slip for 3D Flow

« Summary: Simulate wall slip to allow for more accurate prediction of
jetting.
» Avalilable in Scandium Technology Preview 2

« Allows free slip at wall If:
» Local Pressure Is below Pressure Threshold, or
» Local Wall Temperature Is above Temperature Threshold

Thermoplastics injection melding solver parameters (30)

Simulate inertia effect
Simulate gravity effect
| Simulate wall slippage Edit wall slippage threshalds. ..

T Wall shppage thresholds B |53
s 3

Slippage thresholds
Pressure threshold MPa [0:550]
Temperature threshold i L1 C [0: 10007

MNumber of th
| Automatic
(Gate contact
| Automatic

Solver para

QK | | Cancel | | Help |
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Wall-Slip for 3D Flow

No Slig ~ With Slip
-
-

[s]

',.{A;_ «

<

AU Autodesk Univers %  angle_inettiafon) L3 |® angle_inertia (off) © 2012 Autodesk
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Use CFD for Coolant 3D meshing and Flow Solver

« Meshing Is optimized for low
viscosity water flow

« Boundary layer meshing
(Enhancement layer)

« Mesh refinement In areas of high
curvature
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Compression Moulding (3D)

= 3D Mesh Simulation for:

« [njection-compression molding
« Cavity Is partially filled by
Injection

« Compression molding

« [Initial charge placed into open
cavity

« Thermoplastics or Thermoset.

AU Autodesk University

irtial Inection Stage

Upper movable

mold half

Lower fixed
mold half

Ejector pin

S

Compresson Stage
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3D Inj]-Compression Fill Pattern Visualization

Pressure
Time = 0.0705(s]

[MPal]

IBS.DD

26.25

17,50
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Only one cavity has compression

« Volumetric Shrinkage Is lower In the cavity with compression

Average volumetric shrinkage 1
Time = 5.964(s]

[%]

'9.000

7.500

|‘ [6.000

4.500
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3D Injection Compression Molding

= Material: Thermoset

= Process conditions

= |nitial press open distance: 15
mm

«  Approximate part size ~ 200 X
145 X 50 mm

= Typical part wall thickness ~ 6
mm

» |ncludes window area whose
thickness becomes about 0.25 Case-study courtesy of Schneider Electric
mm at the end of compression

AU Autodesk University © 2012 Autodesk



3D Inj]-Compression Fill Pattern Comparison

Simulation

Experiment

© 2012 Autodesk
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3D Pure Compression Fill Pattern Visualization

Density
Time = 0.0801[s]

[gfcm?3]
1.120

1.068

1.015

0.9624

0.9097

AU Autodesk University

'S

Scale (100 mm)
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3D Pure Compression Molding

« Pure compression molding
= Material: Thermoset
= Process conditions

« Press open distance at the start of
compression: ~ 50 mm

« [nitial charge: Rectangular plate shape
(approximate size: 155 x 71 x 31 mm)
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3D Pure Compression Fill Pattern Comparison

Simulation

Experiment

© 2012 Autodesk
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Compression Example 2

« Compression molding
(Courtesy of Premix, Inc.
USA)

« Length: 800 mm
= Width: 200 mm
= Typical thickness: 4 mm

AU Autodesk UniVEFSity © 2012 Autodesk



Compression Example 2

» Thermoset Sheet Molding Compound (Preml -Glas 1286: Premix)
« 34% glass fiber =
« Initial fiber length: 12 mm

Input: Press Speed vs. Position

AU Autodesk UniVEFSity © 2012 Autodesk



Fill Pattern & Fiber Orientation

0.7732 l

Numerical Simulation
AU AUtOd eSk Unive rSity © 2012 Autodesk



Other Scandium Features

= Bi-Injection
» Thermoplastics Bi-injection molding
where 2 different materials are injected

at different locations with independent
process control

« Midplane Only

« Multiple Gas Injection cylinders (3D)
« Can have different pressure & delay
» \Was already avallable in Midplane

AU Autodesk University




Buckling for 3D Warpage Analysis

« Depending on geometry, some parts may
buckle during warpage
« Similar to Buckling Option in Midplane

« Extends the Large Deflection Analysis option
released Iin Moldflow Insight 2012

= |NnCreases computatlon tlme

Deflection, all effects:Deflection Deflection (large deflection,warp).Deflection

_ Scale Factor = 1.000 Load factor = 100.0[%]
Small deflection result Large deflection result

AU Autodesk University © 2012 Autodesk
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New Crystallization Result: Crystal Size

Thickness

Ilesh Thickness Diagnostic [fmm]

= Useful to understand effect of
Mechanical Properties

Crystallization: Final average crystal < CryStaI Slze

MNormalized thickness = -0.2060

[mm]

l 0.0006

0.0004

' ! ‘ 0.0003

2.0365E-05

k '-Ijh- 0.0oad 2500
Mormaliz itf l
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New 3D Grow From Result

AU Autodesk University

Scale (50 mm)

Grow from
= 3.000

3.000

2.500

2.000

1.500

1.000

Scale (50 mm)
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New 3D Frozen Layer Fraction Result

Frozen layer fraction at end of fill

« Frozen Layer fraction over i
thickness
« Equivalent to midplane/DD result >~
« End of Fill and End of Pack/Cool

« Cured Layer Fraction result
» Reactive (Thermoset)

0.7513

AU Autodesk University © 2012 Autodesk



Other Improvements

» Mucell: Reduced computation time by s e
coding Improvements

» 3D Flow: Reduced computation time ' I
for 3D Mapping to surface '

» 3D Flow: Ram Position: XY Plot I N

3.492

« FBX export: Allows visualization In
Autodesk Showcase, Maya, Inventor
Publisher, MotionBuilder and other

Average Volumetric Volumetric Shrinkage
Autodesk products. Shrinkage through on surface
thickness

AU Autodesk University © 2012 Autodesk
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* No Chord Angle Control
» 15,000 triangles

Meshing

» Speed Improvements
« During thickness calculation
« By meshing multiple bodies in parallel

« By 3D Meshing algorithm improvements
(50% improvement on large models)

» Improve Chord Angle control

= More efficient meshes with new fillet
Sizing control option

* Chord Angle Control
triangles
* (Good definition around
hole

* Chord Angle
Control
« 23,000 triangles
 (Good definition around
hole
 More efficient number of

elements
AU Autodesk University
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Mechanical Properties of Long Fiber Composites

Mechanical Properties of
Long Fiber Composites

Long Fiber Orientation Fiber Length

Tensile modulus in first principal direction (fiber)

The model also considers debonding

of the fibers from the matrix ~ Previous Result;
- Not considering

fiber length

AU Autodesk University



Mold Fatigue Analysis with Autodesk
Mechanical Simulation

« Mold Fatigue Analysis

« Using temperature & stress history
on mold from the Moldflow analysis

« Use core-shift analysis

« Use transient mold thermal analysis
(Cool (FEM))

« Autodesk Mechanical
« Thermal mold stress (cyclic)
« Linear static stress
« Polymer pressure
« Clamp tonnage
« Fatigue Wizard

Image from Li et al: Applied Thermal

AU Autodesk Uni it - '
utodesk University Engineering, Vol 31, Dec 2011
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Research: Pressure Dependence of Thermal Conductivity

AU Autodesk University

Thermal conductivity (

Polyamide (PA66 30%GF)

0.226
0.224
0.222
0.220
0.218
0.216
0.214

W/m.K)

0 10) 100
Pressure (MPa)

+280C-1 —-280C-2 —+2380C-3

Polyoxymethylene (POM)
0.185
£0.175 4—
ox [ ----
0.165

0 20 40 60 80 100 120
Pressure (MPa

195C-1 -195C-2

Thermal conductivity (
w/m. K)
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Anisotropic Thermal Conduction

« Research Study
« Unfilled Polystyrene samples sheared in parallel-plate rheometer
« Directional conductivity measured with Modulated DSC

0.20 Therm_al_
conductivity
018 (W/mK)

0.16

—

0.14 T e —————————,

0.12

Temperature (°C)

0.10
35 40 45 50 55 60
<Not oriented -+« Thickness direction @ Flow direction
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