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Class summary

This class will review new functionality in Simulation
Moldtlow Insight software and discuss current research
directions in the development of Simulation Moldflow
software.
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Key learning objectives

At the end of this class, you will be able to:
= Examining the polymer particle history during injection
= Understand how to model non-standard viscosity behavior
= Anticipate the new functionality in the Moldflow Insight Beta
= Choose the right technology for performing microcellular foaming simulation
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Agenda

= 2015 Scandium Technology Preview
* Moldflow Insight 2016 Beta

= Some API Tools

= Long Term Research Collaborations
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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
reliance 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.
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Rapid Temperature Cycling

(RTC ®) / RHCM® / Variotherm ©

= Heat Mold for Filling Conventional Molding With RTC
= Eliminate visible weld-lines

* Increase flow length
= High (uniform) gloss finish

= Eliminate Gate Marks
(Cold slugs)

= Typically only the cavity side is
heated

= Heat by: Stea ter,
Electrical okJnduction
=  Cool Mold during Packing

= Reduce cycle time

- Images courtesy of Gaslnjection World Wide
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Induction Heating for Cool (FEM)

Mold material

N I\/l d | . | d -t Description | Thermal | Mechanical | Fatigue | Electrical
O e I n g m O C O m p O n e n S Blectrical resisitivity of materal 0.01 ahm-m [0:1e+020]
Relative magnetic permeability of material 600 [0:1e+020]

Cavity surface, Nickel
(Magnetic)

Induction Coils
Cooper

Mold
(non-magnetic)

N
YA NN

14
11

]

. AV :
Insulating <75 Ceramic Core

encasement (Ferromagnetic)
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Induction Heating for Cool (FEM)

Current Density

| | o o |
= Specity electric current and timing
= Calculate current density .
= Calculate Magnetic tield and tlux ..

Time = 35.00(s]

ulate Joule Heating
.[:e:; e f;’? %pﬁ R -
1.453 f! i
I 09657 Joule heat
= 3.925E+9[W/m"3]
Iu.aaw - q
- _ o Mold Temperature
2.944E-+09 R

Magnetic Flux 9B13E 08 Joule heat on

Iomw surface layer
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Microcellular Foaming - Current (ASMI2015)
= Viscosity is moditied by:
= @Gas in solution, ¢

1M = 1_ 4 14 _I_V 2
= Bubble volume, ¢ n=n.1-¢)"exp(V,c+V;c”)

= Bubble growth: o ) 1
= Completes filling 5+V e pO =0 p=p.(1-¢)
= Maintains packing pressure

= Other material properties also modified by ¢
= Available in Midplane and Dual-domain

= Cell density is a user input

= Modify according to process and material parameters based on

previous molding trials
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Microcellular Foaming - New Developments

R o

= Nucleation model depends on: e

= @Gas properties
= Polymer properties
= |Local temperature and pressure

B 20 1 —16F,o>
J = FNE L rexp[ 2207

K. Taki, Chemical Eng. Sci. 63 (2008) 3643-3653
K. Taki, J. of Cellular Plastics 39 (2003) 155-169
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Microcellular Foaming - New Developments

* Nucleation model results is non-uniform nucleation
prediction
= Depends on local pressure and temperature history

Bubble number density

Tirme = 40.14[s] PP W|th NZ Tirne = 25.595]
e 0.575% gas weight e
' e
3.192E+13 . L
1 B72E+08
2.128E+13 | — et

1.115E+H

5,( AUTODESK UNIVERSITY 2014 :\ AUTODESK.



Microcellular Foaming - New Developments

= Extend Microcellular foaming simulation to 3D
= %weight reduction target in process setup

- Fill 5ettings - Page 1 of 2

Mold suface temperature 40 C

Melt temperature 240 C
Filling control
| Automatic -

E&Incitw'pressure switch-over (Microcellular)

By “weight reduction - |at 10 % (0:50]

Pacl./holding control
“Filing pressure vs time i | Edit profile... |

= Usability: Gas selection & concentration in process settings

Microcellular foaming gas

| M2 - | | Edit properties. .. |

Initial gas amourt
| Initial gas concentration by weight % - | Initial gas concentration 0.5 % [0.1:3]
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Cascading valve gates

* |njection pressure dips abruptly
* Flow front has periods of sharp acceleration

= Visible flow marks
= Solution is to open valve gates gradually

ressure at injection location >y Flot

MPa

DDDDDD
DDDDDD

G.000
Time[s]
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Velocity controlled valve gate settings

= Select whether a valve gate has abrupt or variable speed

= Specify

e

oy either time or velocity

N b_i
é " View/Edit Valve Gate Controller @ ‘G' ‘G' l@l l S —,
4 @ m—
Injection _ Prohibited || Valve Gate | Dynamic Coolant
Controller name E Locations Gate Modes | Controller | Feed Inlets/ Qutle
Valve gate trigger |'I'|mv.=_- - | Injection Locations Feed System Gas Cooling
wl |
Valve gate initial state |':|':"5"='-'-"| - | J " Create Valve Gate Controller
I'-.-'alve gate open/dose velodty |1.|'ariable Speed - | I Create new valve gate controller
Valwe gate DI:IEFI.I'HDSE times [ Mew Valve Gate Controller
SO[DP EF ZSEI] SC[II:Ic:slemaé] Edit Controllers
1 5.00 16.00 Select Controller Contraller Trigger Open/Close Highlight on View Edit
' ' [] selectal Mame ID Type madel Controller
) 2 1 Flow front Instant [ Show | [ ViewfEdit |
Variable speed controller parameters - 3 g Flow frant Instant [ Show | [ ViewfEdit |
Maximum pin stroke 10,00 mm[0: 5000] 2 4 10 Time Variable Speed [ Show | [ ViewfEdit |
= 1 11 Tirme Instant [ Show | [ \ViewfEdit |
Mominal Pin Diameter m 1.000 mm[0. 1:1000] Z ]
- L -
Variable Speed profiles for opening and dosing g
-
Q0
pen | Close =g
Distance increment Velodity - E"
mm[0:5000] mms[0: 1e+008] E u |
1 1,00 0.50 == _ ="
2 5.00 1.67 = a =
3 g
; it
5 IE
: o 3 & S0 3m 7B 1175 1567 1958 235
Distance vs Time Distance [imm] ' ! ' ' ' '
@) Distance vs Velodty Velocity vs Distance ) Time [<]
Distance ws Time
[ QK ] | Cancel | | Help |
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Velocity Controlled Valve gate - Pressure

% Traditional wvelocity instant by tirmme

==r=m ||

|+ Traditional wvelocity variable speed by Time

[= = ][ ==]

"'i"nnﬂ
[Z] P On

25.00 7

18.757

MFa

12.507

G.2507

Fressure at injection location: XY Flot RN ,

Abrupt Opening

n.00oa0
n.00oa0
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g.000

g

4.000 G.000

Time[s]

2.000

'“B"n.nﬂ
[Z] P Oz

MFa

25.007

18.75

12.507

6.250

Fressure at injection location XY Plot

Velocity Controlled Opening

n.oooa
n.oooa0

g.000

g

4.000 G.000

Time[s]

2.000
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Velocity Controlled Valve gate Fill Pattern

£ x ' |4 Traditional velocity variable speed by Time = || = | 2= |
=1Pn o o =1 0o
Fill tirme ~ Fill tirne
. S
=8 126[s N = B.276[s
}_,ﬂ
Nt
g

4063

2.031

Abrupt Opening

h -
Ll
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Secale (500 mirm)

Model courtesy of HRS —

4113

2057

Velocity Controlled Opening

38
| 1 1 1 1 |

Scale (500 mirm)

Inglass S.p.A

/\ AUTODESK.



Velocity Controlled Valve gate — Flow Front Temperature

aditional veloc || | ] |+ Traditional velocity variable speed by Time [= || = | 22 |
bry O o boy O
Temperature at flow front g N Temperature at flow frant
. S
B et = 2B0.7][
hf:;""?{ g
W

Abrupt Opening

Scale (500 mm)

Model courtesy of H

213.9

Velocity Controlled Opening '

Seale BO00 mm)

RS —Inglass S.p.A

9
35
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3D Fiber — New Inlet Option

= Add specitied inlet orientation

= Already previously available for Midplane/DD

-~

Fiber Solver Parameters

Lok [~
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===

Calculate fiber orientation using In-plane fiber orientation components vs nomalized thickness

[H-S': model with specified Ci '] [ Edit settings... Mormmalized thickness | Component in flow direction | Component in crossflow direction | =
0:1 0:1 0111
Apply fiber inlet condition at [o:11 [o:11 o1 ‘__: ‘
Gate - 1 0 0.5556 0412 |

Fiber inlet condition 2 0.05 0.6256 0.35

— - - 3 0.1 0.6756 0.25966

[ Usersupplied inlet orentation - ] [ Edit profile. . 4 015 07122 02657

culate fiber breakage 5 0.2 07194 0.2583

[DE‘tEﬂﬂi”Ed by length '] [ Fiber breakage parameters... 6 0.25 0.7064 0.2713
7 03 0.6751 03006
| Plot Profile... |

[ Composite property calculation op
OK || Abbrechen | | Hifie

" I
In-plane fiber orientation components vs normalized thickness h u
0.7500 Principal values vs Mormalzed thickness A P '|
A
/TN N mP_2
F R & b
LY I Y
0.6500 - " -.1
£ » £ 3
\ » Y
I" -Ilu | L1
| "-,' ! Y
0.5500 4 Yv ! a
III II I 'II
II I-
III i
: -
L
0.4500 — A &
i i } 1)
[ ] P T =
“ | [ .
A I| |
\ ) ] \
\ (O
. F () \
0.3500 " - y -__ ™
i
n - L} 1
M L
0.2500 -+ - . . - i )
0.0000 0.2000 0.4000 0.6000 0.8000 1000 1.200

MNormalized thickness

Cloze Help |
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3D Fiber Improvements

= Preserving the inlet fiber orientation profile
= Black line ("Curve_1") is immediately inside inlet

ASMI 2015 Development version

O =000 F 1 orke si3lion & wsor:P ok =05P ol A |:L||""."E "I o.9z250 F 1 orle si3lion & wsor:P ok =05P ol A |:L||""."E "I
Urve 22 m Curve

0.7 000 & L urve 3 0.2250 urve 3

06000 ] 07250 ]

05000 =l 06250  ala

04000 ] 05250 ]

03000 ] 04250

02000 7] 03250 7]

0. 1000 | | | | | | | 02250

0.0000 25000 50000 75001 .000 1,250 1.500 1.750 2. 0.0000 25000 50000 75001 .000 1,250 1.500 1.750 :

Length [mim] Length [mm]

Using a finer mesh around gate
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3D Flow Solver API

= Allow user routines for selected properties and calculations

= Easier research collaborations

= User-coded routines in a DLL (VS2012 recommended)
= Example Template provided

= First implementation is for a user viscosity routine

= QOthers to follow:

| | S swppets + 3 [ 5 @ 2 Hew | ===
- . . b Start | | 1B & |[@ Wscript CScript <Command-Line Argumertts>
. 18 '@ Will only work with 3D Geometries containing multiple 4 |Object Browser
20 e _ <Search> i
21 ee =
" ;z '@ Written by: Franco Costa = % GetBuildCode

23 - % GetMaterialPrope; rty

24 =% GetOccNumber

25 % G

26 %4 MeshClass

27 o %2 No.

2 ezmola” 7 Pregresshiss

] 0 Smartsplit
43 TempGroup
[ “ T
-5 H
-5 W
w-§3 Scri
, £ w
C .
n
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Selecting the User Viscosity Function

Process Settings Wizard - Fill Settings EI ~] -
Fill + Pack Analysis Advanced Options |£|
Meld surface temperature 80 Molding material
Met temperature 290 | Zytel PLS35G50DH2 BK261 : DuPort Pe = |[  Edt.. |  Select..
[I:J:Lr;ilf::zrln speed profile - ] by ’Ham speed vs ram position ""] ’ Edit profile ] rrocess contoler
[ Process controller defaults - ] [ Edit... ] Select...
r’:::;::essure switch-over -] Injection molding machine
[Default injection malding machine "] [ Edit... ] Select ...
Pacl.holding contral
[‘JLFiIIing pressure vs time ""] [ Edit prafile. .. ] Frnldlr;:ﬁzlm ] [ = ] E—
a0 = w7 it...
Advanced options. || 1 Solver parameters
Fiber orentation analysis i fiber material | Fiberpammeters.. | [Themoplastis inection molding solverpz ~ [ Edt.. | ) ..
|| Birefringence analysis if material data includes optical properties
| ok || Cancel | | Hep | [ ok J[ Concel || Heb |

Thermoplastics injection melding sclver parameters (30)

| Fill + Pack Analysis | Cool Analysis | Cool{FEM) Analysis | Fiber Analysis | Warp Analysis | Mesh | Core Shift | Venting Analysis | Interface || Solver API

Viscosity model

v] Parameter text 0.2573 441510.09.37276e+15 383.150.0 40.321 516
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Cross-WLF Viscosity with Pressure Dependence

7 = 7o . n: Viscosity (Pa.s)
7.7 ) 7: shear rate (1/s)
1+ ——
T T: Temperature
— )" T'=D,+D;*P
AT =T 2 T 3

170 = D, exp Al(_l_ T*) P: Pressure (Pa)

A+ (T-T7). A, ="A,+D,*P

D, is the pressure dependence term
Barus Model: 77, (T, P)=77,(T )e”"’

Quadratic Exponent Model: 77, (T, |:>) =1, (T )e,BP+KP2
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160

140

5
g =

Pressure {MPa)
&

Evaluate Pressure Dependent Visc using Solver API

# Measured Injection Pressure

4 Measured Cavity Pressure 1

= Predicted Injection Pressure

= Predicted Cavity Pressure 1

Time (sec)

No Pressure Dependence

m AUTODESK UNIVERSITY 2014

No.3 No.2 No.1 . .
pressure transducer pressure transducer pressure transducer U n fl | |ed PC I\/l a 'te r I a |
T 1.1
X : A
40mm
| Y |
e 200mm -
@ A 2
T.P)=n.(T e
Tho\ ! Mo
160 160
# Measured Injection Pressure # Measured Injection Pressure
140 - = 140 _ ]
4 Measured Cavity Pressure 1 ' +. Measured Cavity Pressure 1
120 — Predicted Injection Pressure : 120 +=Predicted Injection Pressure
E 100 —— Predicted Cavity Pressure 1 j E 100 = Predicted Cavity Pressure 1
s - s
L 80 2 80
3 =3
v v
v un
o 60 @ 60
o o
40 40
20 20
0 , 0
2 a 0.5 1 1.5 2
Time (sec) Time (sec)

Barus (Standard) Quadratic Exponent
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Dependence of Viscosity on Fiber Orientation

50%wt fiber filled PA FOD on mid-surface
U(Aff J =Y when Ay < A,
I 77(Aff ] = 7 when Agq 2 Ay
- Acrit = 0.6
Im P =5

M. Akay and D. Barkley, Plastics, Rubber & Composites Processing and Applications, 20, 137 (1993)
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Dependence of Viscosity on Fiber Orientation

Velocity Profile

30.00 Velocity:Profile Fill time
Time = 1.148[s]
= 1.056(s]
25.00
20.00 4
[=]
15.004 1.152
10.00 1
0.8642
5.000
0.0000 T T T T T T 1
0.0000 0.5000 1.000 1.500 2.000 2.500 3.000 3.500 4.000 .57k
Thickness Position [mm]
02881
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0.0000

Fill Contours

M
—a
e
e

Fiber Orientation Profile

m— Standard Viscosity

= == Fiber Orientation Dependence Viscosity

1 2 3 4

Thickness Position (mm)
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Retractable Core pins

= Supports part insert until pin is retracted

Modal constraint

MModal translation

Along X axis
| Fixed |
Along Y axis
| Fixed ~ |
Along Z axis
| Fixed ~ |

MModal rotation

About ¥ axis
| Fixed |
About axis
| Fixed - |
About £ axis
| Fixed ~ |

Use constraint in

[Core shift analysis vlFEetractable Retraction time

MName |Fixed nodal constraint

[¥] Apply to all entities that share this property

[ OK ] [ Cancel ] [ Help ]
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3D Residual Stress: Post-warp [ Tech Preview Only)

Phase 1: Assume full mold constraint

10.00?. 12 LAYERS / Stress tensor (warp):Probe XYPlot A Curve 1 NeXt PhaSGS StreSS eVO|UtIOH
Load factor = 100.0[%] n—u
s ) L ez Detachment from mold (before
7.5001 / e Curve_3 _ _
/ * ejection)
soma s/ . . = Consider viscoelastic stress
o ’ " relaxation
L 2500
=
0.0000-
-2.500 -

0.0000 0.5000 1.000 1.500 2.000
Length [mm]

m AUTODESK UNIVERSITY 2014 A AUTODESK.



Ejection Force Calculation with ~
Tech P Only)
Autodesk Mechanical Simulation (Tech Fre

[MPal]

O COﬂSlder Imsg.o
= Friction of part sliding on core

Von Mises stress

12676

= Residual stress / pressure in the part

= Temperatures of the part I
= Ejector position and direction
= Ejector speed profile I

= Predict: Deformation during

= Deformation of plastic part during
ejection
= Force required to eject
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Summary

= 2015 Scandium Technology Preview

= Induction Heating e T
= Microcellular Foaming L
= Controlled Valve Gate Opening '
= 3D Fiber Inlet

= Solver API (Viscosity)

= Retractable Core Pins

= 3D Residual Stress

= Ejection Force
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Agenda

= 2015 Scandium Technology Preview
= Moldflow Insight 2016 Beta

= Some API Tools

= Long Term Research Collaborations
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Pathlines

Track the flow path of polymer

= Qverlay with
= Time
= Temperature It'r;;:'
= Pressure 1S

= Speed
= Shear Rate I

0.2134
I 0.0000
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Pathlines: Where to find them

= Already in the default result
= Old Studies: Rerun in 2016

_| Logs
« '8, Results
= Flow
Fill time
Pressure at V/P switchover
Temperature at flow front
Pressure at injection location XY Plot
Clamp force XY Plot
Density
Extension rate
Flow rate, beams
Time to reach ejection temperature
Grow from
Fressure
Pressure at end of fill
Shear rate
Shear rate, maximum
Shear stress at wall

list

Data

Flot data Speed

Fressure
Dizplay Temnperature
; Shear rate
" Time

Denzity Cpeed

B o e ]

Temperature Intermediate rezults

Welocity

[Write at constant intervals v] ’

Edit intervals... ]

Wiscosity

Tagks | Tools

Frozen layer fraction at end of fil Fik
Frozen layer fraction _
Average volumetric shrinkage )

WYolumetric shrinkage

Airtraps Name ﬁ

Fohymer fill region
Weld lines

Cavity weight

Obooooooooooooooooooooooood

!}’( AUTODESK UNIVERSITY 2014

Results Output Settings

Mumber of intermediate resultz in filing phaze
Mumber of intermediate results in packing phaze

Humber of intermediate results in cooling phase

25 [0:250]
5 [0:250]
3 [0:250]

Show Pathlines

i@ From injection
location(z)

(7 Teminating in
zelected area

Digplay

Drenaity

Pathling Style

Scaling

@ All frames

) Specified

(] 5elect Al

M133755

N
Plat data [ Speed -

Select Diizplay

Selected tetrahedrons

Sparze Denze

D Al

[Lines

Fathline Style
Light Heaw

I

NLines v'

Markers ‘

Tubes
=T

kdin G
1] 154.65
Apply
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Pathlines: Speed & Time Results

Notice: Not all paths reach the end of flow!

116.0

Speedcm/s] VS Timels] . 4
154.7 4,991
i -.:- 1
N ’

0.0000 0.4949
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Pathlines: Temperature Result

Lines Markers

’ I
g J

Tempersture|C]

Temperature[C]

N

300.0

2415

I 195.0

142.5

I 90.00

Z /4
\
?‘:i; \ A L i A A 4 L s \-vl‘:g

Scale (90 mm) -5 Scale [ mm) 5
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Pathlines: Examine paths terminating in a selected area

Choose to show only the path lines which terminate at a
specified location

[ e ]

7 =

how Pathines
[ Select All
injection
hbins [VIN327274
Speed|:
; 5
) ing in S
selected area St
Selected teizhedions

Speched 0 %576
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Pathlines: Examine paths terminating in a selected area

Show Pathlines
| Select &ll

(") From injection [
location(s) S -

Temperature[C]

— i 300.0 = —
@ Terminating i S elect I Display 3 Y P =
selected area s -

1

Selected tetrahedrons

241.5
Data
Plot data Temperature v
Display
Sparse Dense 195.0
Densit [}
y ] \50 ]
Pathline Style Lines v 1425 \
Light Heawy \
D 1
Scaling 90.00 o R — . ——acadd 2
) Al frames - —

AUTODESK UNIVERSITY 2014
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Pathlines: Examine paths terminating in a selected area

Temperature[C]

300.0
| .
A ~.

N

N

\. Temperature[C]

I3os.o
195.0 / . : N 296.3
p .-.:z !'..

|/ \\\ ) J.- N

Py

2415

2815

278.8

90.00

270.0

-
-
=
" e S ———n _——

Crala (1NN mam)
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Visualize 3D Weld-Surfaces

Initial Weld Surface P05|t|on
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Visualize 3D Weld-Surfaces

Animate Weld Surface

Weld surface movesnent [3D)
Tame = 363 H4)

Packing

L : 39 '
Scale (20 mm) a0 X S(*Q_I. mm)
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Improved RSC predictions for 3D Fiber Orientation

Delphi Iso-plague: 2mm thick. 30wt%GF/PBT,
Slow fill, Location B

1 Flow Direction Cross-Flow Direction Thickness Direction

) 1

o =

Q0.9 209

S 0.8 80 8

= E

8 0.7 S 0.7

S 0.6 2 0.6

e S 0.5

3 0.5 So

c 0.4 904

O =

E 0.3 % 0.3

5 0.4 1 Bo1 ____ /N

° T =, e

e O T T T T 0 T T T T 0 T T

LL 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Normalized thickness Normalized thickness Normalized thickness

-B-Al1 (Data) -=-Al11 (2015, RSC) ——A22 (Data) -=-A22 (2015, RSC) —o—A33 (Data) -==-A33 (2015, RSC)
«eeeAl11 (2016, F-T) =—A11 (2016, RSC) «+++A22 (2016, F-T) ——A22 (2016, RSC) «+++A33 (2016, F-T) =—A33 (2016, RSC)

J. Wang, “Improved Fiber Orientation Predictions For Injection-molded Composites,” Ph.D. Thesis, UIUC, Urbana, IL, 2007
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Improved RSC predictions for 3D Fiber Orientation

Delphi Disk: 1.5mm thick. 30wt%GF/PBT,

Slow fill, Location B

o N o © .

Fiber orientation tensor components
O O O o o o o o o
NN ol

3
2 V
A
0 . . ; ;
0 0.2 0.4 0.6 0.8
Normalized thickness
-a-All (Data) =-=-All (2015, RSC) -—A1l1l (2016, RSC)

!}/! AUTODESK UNIVERSITY 2014

Flow Direction

--s

/

o

\
\
W
\ ’
\ )

W

1/
\\\ //
\\

J. Wang, “Improved Fiber Orientation Predictions For Injection-molded Composites,” Ph.D. Thesis, UIUC, Urbana, IL, 2007.

-

Cross Flow Direction
€ 0.9
c
208
S 0.
o
€ 0.7 /m
(@]
(&
5 0.6
: /] \
c
0.5
= [ .\
.% 0.4 / ,’-\
— J N\
é 0.3 A 'I \\\ }
S \ / / AN /
E 0.2 )/ Y} S
Q o=
L 0.1 = =
O T T T T
0 0.2 0.4 0.6 0.8 1
Normalized thickness
——A22 (Data) =---A22 (2015, RSC) ——A22 (2016, RSC)
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Improved RSC predictions for 3D Fiber Orientation

Delphi Disk: 1.5m

Slow fill, Locatior

=

m thick. 30wt%GF/PBT,
C

=

©

Flow Direction Cross Flow Direction

©

&
o

—

o .

I

i .

Fiber orientation tensor components
o (@) o o o (@) o o o
ol

Fiber orientation tensor components

o o o o o o o o o
EEN (6] (o))
4 \\
T
P 4

. N\
VAR FAN\
3 3
2 2
1 A
O T T T T O T T T T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Normalized thickness Normalized thickness
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Improved RSC predictions for 3D Fiber Orientation

Delphi Disk: 6mm thick. 30wt%GF/PBT,
Medium Flow Rate, Location B
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Improved RSC predictions for 3D Fiber Orientation

BASF Plague: 4mm thick. 30wt%GF PA66,

LOC

O ~N O © P

Fiber orientation tensor components
© © O o o o o o o
o o) N w EaN (O3]

!}/! AUTODESK UNIVERSITY 2014

ation B

Flow Direction

0 0.2 04 0.6 0.8
Normalized thickness
-a-All (Data) =--All (2015, RSC) -—Al1 (2016, RSC)

Fiber orientation tensor components
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Molding data courtesy of BASF
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Improved RSC predictions for 3D Fiber Orientation

BASF Plague: 4mm thick. 30wt%GF PAG66,

Location F

1 o b =

o

Fiber orientation tensor components
©O O o o o o o o o
N w NN o1

g

o
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Improved ARD-RSC predictions for 3D Fiber Qrientation

PNNL Plague: 3mm thick. 40wt%LGF PP,

Location B

[EEN
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Improved Layer Management

ﬁ Layers
...... —[#]F Default Layer

.u |:||2| CAD Bodies

= Turn on/oft multiple layers " 01 Stepler Top A

------ [ & Stapler Top B

= Allow layer hierarchy ;Dm Ve Nores
------ [ 1&F Modes Stapler Top A
= Use CAD Body names and colors ;d-gjeghﬂgf;mgggerw

...... -.[#]&F Tetras Stapler Top B

when importing D1 Tetres Stapler Top A

% Active View - |l \utodesk MoldflowInsight 2016 [plates123 study]

P YN ST e T TNy 5 -
Tools e Start & Leam rrwumty
ir_"

Ascemble  Design 3D Model  Sketch  Inspect Manage View Environments  GetStarted  Add-Ins  Autodesk 360  Simulation  Aitadeck Mactran
@QQ l @ &e? Eﬂ@

=) D O, Free Move qg EFI o Show 23 pattem (/El @ Hwis - @ -
= O, Free Rotate . Bl Mirror % Point -
Joint Constrain Load Exp Bppress  Plane Import Add | 3D Thermoplastics _ Analysis ~ Select _ Injection Process Optimizatiol L ogs J b
" | Injection Mn\dmg SEquEn(E Material ™ Locations Settmgs Manager
Molding Process Setup + | Analysis | ] .I

Place Create
| Y Hide ANl L, ucs
Component ¥ | Position ~ Relationships ~ Patten ~ | Productivity Work Features Import ~ | Create |
x 7] N
] Tasks [ Tools |
?\ “p Assembly View ~ §4 e Project 2016BETA
) patestzziam By 5 pest3 sy N
& . T
[ JRelationships g
[%|Representations
Origin
(P
e @)
- ] origin @) @
aQ 2
3 [31 Study Tasks : plates123_study iy
& ', Par [plates123jam) A3
. @ Create Mesh Qt
& v Rl 5 i
I ] ¢ € Generic PP: Generc Defauk i @,
- Exl u
== 5 X1 Material Quality Indicators TR B
y (=]} | Layer Display L= B e s a
.. .. .m .. & SetInjection Locations N
L4V Entity twpe Surface/CAD Face v] ¥ & Frocess Settngs (Defaut) 4
i Opirmization (None) =
g Layers ‘ Calar x &
© Defaul BlelvE=EE~E 8
|| E2 CaD Geometry ZL 8
= ayers
L[] CAD Body 1 Jf | @ CaD Colar [ Default Layes I
. Gl 4 [Z]E0 CAD Geometry z
<1 Bl [A7 CD Body 1 -
- [A caD Body 2 o
Show az [Default v] Mz cap Boy 3 41
L L L L )
Vigible Labels Indicatars Scale (50 mm)
@ Home | Autodesk Bxcha..|[§  plotes123 sty BN
3 4 Ready [ Logs  Thermoplastics Injection Molding

For Help, press FL

M AUTODESK UNIVERSITY 2014
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Layer Highlights

1. Select an entity — Layer is highlighted

v[Pl=EEF=
added layer
rnold
Core
coil encazement

/)/\ AUTODESK UNIVERSITY 2014

cooling pins

coilz

coil encazement nodes
coll ehcazement tets
added layer nodes
added layer tets
mold nodes

mold tets

core hodes

core tets

coalinng pin no
cooling pin tets

coll nodes

coil tets

part nodes

park tets

more coll encazement etz
ridbc

tare mold tets

tore Mickel Laver tets

% induction_coil_

/\ AUTODESK.



Layer Highlights

1. Select an entity — Layer is highlighted
2. Select a Layer — Entltles are highlighted

YPIREEFE

o ..Cr' coll encasement tets
----- [ ]&F added layer nodes
----- [+]& added layer tets
[ ]&F mold nodes
[#]eF mold tets

- [¥]&F cooling pin tets
[ )& coil nodes
[ coil tets

...... DE‘ part hodes

...... |:|.e'_._r' part tets

',’f;f\_ AUTODESK UNIVERSITY 2014

% induction_coil_
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New Cavity Weight Result

Final Weights Intermediate Weights

sl = L et
9] | [9]
2123
I 2.707[a] ‘ < Iz.m T >D CE'( T
|
h r, N
2.717 2079
s B
2112 1.436
1.5590a]
2.706 0.7922
2.700 0.1488
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Bending Curvature
e i Warp Z-Deflection (x10)

4.929
Warpage analysis type I

Pt © Midplane

Stress resultis) to output 2.669
’NI stress results v] O n |
Consider gate suface and cold runners? y
’Exdude gate surface and cold runners v] 0.4087
Matric solver .
’P-.L.rturnatic v]
["] Consider mold thermal expansion '
[ Consider comer effects -1852
Create Mew Plot I
-4.112
Result Selection | Plat Properties [L/m]
Byvallable resultz 5200
% Shot weight:= Plat -
Air traps =
Anizotropic shinkage 0.1303
Byerage velocit
Bending curvaturewarp)
Bulk temperature =
Bulk. temperature at end of fill 0.0005
Clamp forze centroid '
Clamp force#y Plot
Deflection, all effects:Deflection i
Deflection, all effectz Component
Deflection, all effectsy" Component -0.1292
Deflection, all effectz: Component l
Cill bimm -
-0.2590

P2 autopesk uiversiTy 2014 Model courtesy of HRS — Inglass S.p.A /\ AUTODESK.



Revised Flow Front Speed Result

Old Result:

= Velocity at
Center

laminate while
filling

Replace with:

= Bulk Flow
Front Speed

Midplane & Dual-domain Only
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Packing Time Step Control

* Midplane & Dual-Domain flow using fixed packing time-
step size
= Can lead to banded results N

~ o 5 @ 0O
S primaryfloat_rev2 01 jira simmnf 11017 Thermoplastics injection molding solver parameters (Dual Domain) \%l{;metnc shnnkage at ejection _’
Volumetnic shrinkage at ejection Wamp Analysis | Core Shift | Shrinkage = 12.88%]
=12.89{%)] Mesh.Boundary | Intermediate Output | Convergence | Farallelization | Fiber Anahysis "Finer" option time step
Default time step 0.25 s Flow rate convergence tolerance [Defaurt {0.5) '] (smaller than defauit)
in packing analysis Maimum number of flow mte fterstions [125 v %) in packing analysis
(%] Melt temperature convergence tolerance [De‘faurt {0.02) v] 265
Madmum number of melt temperature terations [Z{HJ "] l
1o Nodal growth mechanism [Muﬂiple "’]
Viscosity treatment at high shear rates [Fq:pl},r above auto-determined shear rate "]
Time step size for packing anahysis Default (0.25) - 9.929
9947 Default (0.25)
Finer |
- I6980
7.004 .
Optional control based on |
n L ] L] L] 4 Uw
i stability criteria I
l Small time-steps -> longer -
1.417 | . -t .
Il h I 1 1 1 ] - —~
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Improved markers for XY Plots

237.57 Tamperature_1:Probe XY Plot A G:;.vfﬁ-"'-- - 237 . 5- Temperature 1:Probe XYPlot 4 Curve_ 1

Curve_2

) 137.5-

| 112.5-
187.50-

52.50 -

F

3.|:u:'| 4.06 5.|:u£u:| .nu:luu _nnﬁ
Lgngth [rmim
i
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Integrate CFD Mesher for Conformal Cooling

= CFD Software installation & license no longer needed
= Channel meshing is faster

m AUTODESK UNIVERSITY 2014 A AUTODESK.



Borrow a License

-
oot teeme iermover R ol
License name: Computer host name:
[ Autodesk Simulation Moldflow Synergy 2015 Pre-Release | [cemMaoooyyY1 |
L] Serial number: License expiration date:
. [ 357-0520507s | [12 March 2015 |
License type: License usage type:
[Metwaork | [ Commerdal |

License behawior: License serwver:

= Set a return date Bt === |

|86326MFS_ 2015 OF |

[License .ﬂ.greement] [Eﬂ_ﬂrmw License... ]

oo e B
,

Inztallation information Choose within valid date range
13 Mowvember 2014 {today) - 11 May 2015

Relzaze - Autodeszk Maldflowe Ihsight 2016 Beta -
File version -31.0.4.0 = * November, 2014 =

ﬁ Syrergy Build - zamariun-betal_lavout_inzight-zynergy_windows | = | Sun Mon Tue Wed Tho Fri Sat
Inzight B uild - zamariurm-betal _lavout_inzight-zolvers_windowes- |
Platfarm =y 26 27 258 29 30 31 1
Serial Humber - 338-1331 3673 [Autodesk Moldflow Synergy 207 7. 3 4 5 G 7 2]
Serial Murmber 389-4961 3739 [Autodesk, Maldflow Insight Lltim: = g 10 11 12 m 14 15
4 | [[1] | t

1& 17 15 19 20 21 22
23 24 25 26 27 28 29
Copyright and 3rd Party Licenzes 30 1 2 3 4 5 [

= Borrow license untl (Midnight):
Autodesk Moldflow Insight/Synergy 2016 o 12 Movember 2014

© 2014 Autodesk, Inc. All rights rezerved.

All use of this Software is subject to the terms and conditions of the To borrow a license, dick on a license return date in the calendar.
Autodesk license agreement accepted upon installation of this ) o )
Software and/or packaged with the Software. Make sure the date is within the valid date range.

vierify the date, and then dick Borrow License.

\ |Ecrrnw License | | Close |
[ 0K J J

/ [ Licenze |nformation. ..
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Access analysis information without opening study

= View Study Notes
from Project Tree
= Hover or RMB

= View Analysis Log

= From Study Tree
= From Job Manager

M AUTODESK UNIVERSITY 2014

Tazkz T ool

%] MuCellConstant Muc

%] MuCellFittetClassicalMuc

18| ConformalCoolantHandsOn_study
%] winkel (copy)

|s| pastacooling_p20

%] 4040 5_study

|%| snap_cover_study
%] ConformalCoolantHandsOn_indicator

)

% Import...

[=][=]

1 [
]
=]

_:EI
B
(5]
(=]

%] Stud‘_.rTasks Lid 52 ,!#Attach...
+ "0 Part (Lid50c2% 10t g
v"’ﬂ 30 Mesh (32925 &l =
« **» Cool (FEM) = Fill | & Compact..

+ 'x,"'_','—' Generic PP: Gener Compare Studies

Organize...

Material Quality Ir Compare with criteria... JC
Environmental Pn ;'5:
v"’_;_f? 1 Injection Locatior D Mew Study Ctrl+M

+ 4% Cooling Circuit(s) @ New Report

+ E Coolant Inlets.Outls
|:|:||:||||-|g Circuitis) (s) ﬁ Mew Fulder

15 1M Crponert
1 Region Mald Bl -

¢ &P Mold 3D Mesh (201 Duplicate
+ U, Process Settings ([ Rename F2
i Optimization (None

G Start Analysis! Delete Del
008 Copy Study settings

Paste Study settings

| View Logs

t.— Job Manager
Studies: Job servers:
:;-| Project induction heating” | Subrmit Q localhost
[4] coil4_3 B kB Priority Jobs
[%] coil 4_3_nickel inserts E ﬂ'i Batch Queus
%] coil 4_3_nickel B &b Distribution Queue
[%] coil 4_3_nickel Fine mesh B
o .
Properties
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Enhancements to Ribbon Menu

Tools View  Start & Learn  Community

View Geometry Mesh  Boundary Conditions  Results Reports  5Start & Learn  Community

Bo undar_-,r Conditions

7~

I Home  Tools  View  Geometry

]
I I I 54 i B ER — 5 Move - -
. C u Sto I Za b | e 23[] ’ % % CDHHECtiVit}' [}, g f_’;—h ﬂp\. r_f]}. (_l;ﬁ_ = r_rl\ Oueny L:%‘@ Remove
E=2 Density Generate Mesh I f

Mesh Statistics —_——

Results  Reports  Start & Learn  Community = -

Mesh - | Mesh Diagnostics = | Selection = Utilities | I Properties -
x| |
Tazkz | Tools @f}f’ E?’ Merge MNodes q\.‘ hn‘.fr: MNodes ﬂz Fix Aspect Ratic
= 5 N

] o 6‘5} Swap Edges [, Align Nodes % Fill Hole

[%] MuCellFittetClassicalNuc
Mesh Repair

| ConformalCoclantHandsOn_study
§ wirkel (copy) Wizard =" Insert Nodes 4&- Global Merge g Remesh Area

e
B

|%] pastacooling_p20 [E==[E] Mesh Repair = T~ — =
G
3]

[%] 40D _5_study E-.._._—E"

|4 smap cover study

= Synchronize for all studies = _. .

Docking Positions »

v Lock Study Tabs State

/-
/\ AUTODESK.
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Copy and Paste Study Settings to Another Study

Copy Study settings

Paste 5tudy settings

- Boxes
- Box V1 2|3
e Box W 2

' I |

i

% Import..
x,ﬁ Attach...

Study Tasks : Box V 1

" % Dual Domain Mesh (315
+ "% Fill + Pack + Wamp
+ 77 Bayblend FR110": Bayer
Material Guality 31 f=gf-
Environmerital Pmﬁﬂ
+ _g"ﬁ' 1 Injection Location(s)
+ U= Process Settings (User)
+ % Optimization (Mone)
ks Analysis complete
Logs®
" % Results
= Flow
[1 % Shot weight (Y P
[ Airtraps '
[ Avers \

L S L

4 | [} | . 3

) EEE Organize...
(Kf% Part (Lid50252c5t06_3pn| | &8 Compact...

4 £7 Compare Studies

Compare with criteria...

[ New Study Ctrl+ N
@ Mew Report
£ Mew Folder

|§| Study Motes...

Duplicate

Rename F2
Delete Del
Copy Study settings

Paste Study settings

Properties

BlavP=E=

m AUTODESK UNIVERSITY 2014

View Logs

ooy (. ==

Study Settings Selection

b aterial A

tezh Type

[7] Mesh Settings

[ Molding Process

Analysiz Sequence

Proceszz Settings

Mald Surface Temperature [C]
kel Temperature [C)

Maold Temperature [C]

Mold open time [z]

Cooling time

Filling contral

WP Switchover
Aggregated Mesh Solver
Fiber Orientation Analyziz

FEEEEEEEEE

Copy from: Box 1

Bayblend FR110% Bayer b aterialS cience
Dwal Domain

Thermoplasticz Injection kaolding
Fill + Pack + W arp
7a
2ER

75
5

Injection + packing + cooling time - Specified [njection + packing + cooling time 30 =

Autamnatic
Injection time of 0.5 =
By #volume filled at 98 %
N
ez

Paste to; Bow' 2

Genenc PP: Genenc Default
a0

Thermoplastics Injection Maolding
Fill
an
240
40
]
Specified Injection + packing + cooling time 30 =
Specified of 20 =
Akarmnatic
Akarmnatic

Yes
“'es

L3

m

Enter your comments in the Study Mate here:

Copy study settiings frorm Bos Y 1.sdy; Timestamp: 14112014 101741

[ Ok ][ Cancel ][ Help
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Import Profile from file (*.csv)

e — S —— - b
| RegularProfileProject008.csv - Editor t:-_ﬂﬂ
|
Daten Bearbeiten Format Ansicht 7
— Pack/Holding Control Profile SEEIIHEE- = &5 <
. 22 a8 i
i;ﬂj' gg “Filling pressure vs time
= a8 Duration | *tFilling pressure
oz . = [0:300] % [0:200]
I g3
e EXy - 1 . 0.02 68
T F5 2 4 63
- oF =4 3 0.02 56 %Filing pressure vs ime (NN =]
ir = 4 2 BG
. 32 2 5 0.0z 43
I e
.02 7 5 ! 43
_ Thews  0.02 35
- 8 1 a5
] F 5 0.02 24
: 10 1 24
Zeilel, Sp 11 0.02 12
12 1 12
13 L o002 0
I
;| import Profile.. ||  Plot Profle.. | |
| ok || Abbrechen ||  Hife | ' sode 700
Duration [s]

m AUTODESK UNIVERSITY 2014 L\ AUTODESK.



Synchronized Results Examine
Result examine simultaneously on all locked the displays

% beapblmd_mat5348_cyc0136_frl8p5_Kappa meam| | [% beap6l_mat5348_cyc0136_fr17_noD3 IR
Eressule at V/P switchover = Eressure at V/P switchover
= 150.0[MPa] = 150.0[MPa]
[[MPa] [IMPa]
. 150.0
112.5

15.00

112.5 |
7500 =%
‘e [120.4[MP3]
37.50

73.19[MPa]

31.50

+ ———Scate tt M e Scate i mmy 0
4 beapblmd_mat5348_cyc0136_fr18p5_Barus (= |[® |[= ]| 8 beapblimd_mat5348_cyc0136_frl8p5 =@ ][ =]
[Aressure at V/P switchover [Hressure at V/P switchover
= 150.0[MPa) = 150.0[MPa]
(IMPa] [[MPa]
. 15nn S O 15n 0
Examine
112 5 112 5
75.00
75.00 v _ﬁg[MPa v BHB;E[MF‘E
37.50 37.50
0.0000 v 0.0000 y
S Scateftttmmi————— ] ————Sate T i
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Face Selection (Surface Mesh)

M -
E}Edit ﬂﬂemwe l_|m D e

ki BB Ma —— (5 Move - by ik B B BB e
(q Query By £ G %@{ T Juery

LE g '-'-I?_tg HEI.E: @ '-'-I;IEE E‘? Edit E: Remove | mmm
EI-' Assign |:_ Change | Measure
T151202 v &% Delete T151202 T151204 7151201

Expand to Planar Triangles
elete

Select all connected triangular elements in the plane, I

| Selection = | Properties | Utilities | | Selection «

r 1 o,
! 5 ",
% - o
k! -
* -
"'l & e
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.ﬂ"‘r
o
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0

3D Mesh Repair Wizard

= New Layout

= Highlight defects

on mode]

AUTODESK UNIVERSITY 2014

2015

Options for Mesh Diagnostics

“'ou can change the options for 30 mesh diagnostics in order to focus on particular items
or regions. Options can nothe changed during the diagnostics session.

lterns to check

[¥] Inverted tetras DRelsltrictto wizible
[¥]Collapsed faces EHIIEE
Insufficient refinement through thickness

[¥]Intemal long edges

[] Tetras with extrernely large volume

[¥] Tetras with high aspect ratio

[] Tetras with extrerne angle between faces

|solate problem areas in a new layer (V] Show model Fix

3D Mesh Repair Wizard

Category lssues
Chanviem

Irmeered Tetras 0

Collapsed Faces 0

Refinemert 0

Long Edges i}

Large “Walurme i}

Agpect Ratio 1

Small Angle 176

Large Angle 4
Summary

l Repair Checked l l Settings

Srall Included Angles of Tetras
Minimurm included angle: 0.492 -

Taowiew diagnostic results, putthe results to a diagnostic layer by clicking
the command "Isolate in Lawyer" and then turn off other layers.

To optimize those elements, either click the "Repair’ button ar repair therm
manually.

—

Target Value: 1.0

Mumber over target: 176

’ |solate in Layer ] l Fepair ]

| Help || Close |

<< Back Skip >> ’ Close ] ’ Finish ] ’ Help

3D Mesh Repair Wizard

Category lssues inimum Azpect Ratio: 13 -
. b aximum Azpect B atio: 4388

Overview Average Azpect Fatio; 12.36

[ Irwented Tetras 0

[7] Collapzed Faces ] To wiew diagnostic resultz, put the results to a diagnostic layer by

[ Refinement 0 clicking the command "lzolate in Layer' and then tum off other lapers.

— 0 To optimize thoze elements, either click the "Repair’ button or repair

ong £dges them manually.
Large Wolume 0 b

Large Angle 1]
Summary
[ R epair Checked ” Settings

Azpect Ratio of Tetras

T arget Walue: 300

Humber owver target: 181

[ lzolate in Layer l [ Repair ]

[ Help H Cloze

{\ AUTODESK.




Mesh Usability Enhancements

Remesh Area
Preview

restricted to visible
nodes

New mesh size
controls for 1D
(runner and cooling)
Improved Overlap

diagnostic
AUTODESK UNIVERSITY 2014

1‘5‘ :'\u.'

Tasks Toaols

Remesh Area F8

e

[’ Apply ][8 Close ][? Help ]

+ |nput Parameters

Select entities to

Select entities to remesh.

Global merge can be

remesh:
Edge lenath: From: to: } 3 mm =
i | R
| Preview [
&
Tools )
Global Merge F4 E] Qt
[f Lpply ] [i Cloze ] [ Iy Help ]
= |nput Parameters @
b erge overlapped nodes '%"
kerge tolerance 0.1 M
Merge nodes along an element edge only
If modes are connected ta the same element type, allow e
merge only if the nodes form an element edge it

Remowve duplicated beams and triangles

Rezolve sharp triangles
Sgueeze entity labels

W 3

= Selection option

ing: Thiz action will take a long time on large models.

Create as: |<:N-:| property sets

Filker: | A ibern

Restrict to wizible entities

{\ AUTODESK.



Simplified 3D Warp Process Settings

2015 2016

Process Settings Wizard - Warp Settings - Page 2 of 2 Procesc Seﬁings Wizard - WEIIP Setﬁngs ) PEIQE 3 of 2

[] Consider mold thermal expansion
Warpage analysis type
|5mal| deflection - | |lze mesh aggregation

[Jze meszh aggregation and 2nd-order tetrahedral elements

GPU optionz | Autarmatic b

Mumnber of threads for parallelization

|zolate cause of warpage
’ﬁi‘«utumatic -

Upgrade tetrahedral elements to second order Automatic

| Consider mold thermal expansion

Mumber of threads for parallelization
|.|“|.|.|tnmati:: -

Process Settings Wizard - Warp Settings - Page 2 of 2

[] Conzider mold thermal expansion

[ Use mesh aggregation and 2nd-order tetrahedral elements [ Advanced optionz... ]

GPU options | Autamatic ']

Mumnber of threads for parallelization

[.ﬁ.utumatic - ]
30 W arp Advanced options ]
Warpage analysis type
Small deflection - ] |zolate cause of warpage
|parade tetrahedral elements to second order [,&,utgmatic v]

[ ] ][ Cancel ][ Help ]
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Other Usability Enhancements

= Speed-up large model handling (up to x2 tfaster)

= Faster model display
= Faster result display

= Enable Synergy-API for multiple instances of Synergy

= Studymod can select material

= Mouse wheel direction
choice

= Log file color & font

= Synchronized XY Plot
animations

' _?’,!Q AUTODESK UNIVERSITY 2014
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Other Solver Enhancements

* Fiber Breakage enabled tor thermoset processes
* Improved 3D Automatic injection time
= Maximum Clamp Force Limit extended to 3D Flow
= Valve gate control by ram positions extended to 3D Flow
* Remove the “Legacy Overmolding Second Component”
element types —y— ~
= Instead use reqular part elements Part Surface Propetties | Mold Properties | Overmolding Componert

Component |2nd shot -
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Summary

* Moldflow Insight 2016 Beta

= Pathlines
= 3D Weld-surface

= 3D RSC Fiber Orientation

= New Results

= Cavity Weights

= Bending Curvature, .....
= Usability Improvements

m AUTODESK UNIVERSITY 2014

Layer Management
_icense Borrowing
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Agenda

= 2015 Scandium Technology Preview
* Moldflow Insight 2016 Beta

= Some API Tools

= Long Term Research Collaborations
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Draping Orthotropic properties over a curved insert

= First set the properties correctly on one element
= Run: SetOrthotropicProperties.vbs
= Copies and rotates those properties to all connect elements

= Currently posted on Beyond Moldflow Insight blog:
= http://autodesk.typepad.com/beyondmoldflowinsight/

SRR
SRl

Fart Insert First Principal tModulus

Select Insert/Label/Core Material

nnnnnnnnn 3 (0:30) = 10000,
eeeeeeeeeeeeee (0:2000)
nnnnnnnnnnnnnnnnnnn (0:1000)
Crthotropic Properties
= 0000 {0:3=+006)
E2 5000 {0:3=+006)
E3 5000 {0:3=+006)
w12
w23
w13
G12 5000 [0:1e+006)
523 5000 (0:1e+006)

13 5000 (0:1e+006)
NNNNN 0.001 -0.0001:
NNNNN 0.001 -0.0001:
NNNNN 0.001 -0.0001:
First pincipal és ] e S s RS A e AR L sl
W 1.000000
Wy 0.000000

o.eooooo 11 YEEEEER e e e e e N o S e oEeaeTe
Second principal axis
Vi 0.000000
Wy 1.000000
0.000000
[ ok ][ cancal |[ Help |
n
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http://autodesk.typepad.com/beyondmoldflowinsight/
http://autodesk.typepad.com/beyondmoldflowinsight/

Displaying Orthotropic Properties after setup

folder during install

= Run: DisplayOrthotropicProperties.vbs

* |ncluded in the “"commands”

Fart Insert First Principal Modulus

= 2000.1

1
=
=
-
™

1
=
L
-
—

1250.0
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Multi-shot over molding: APl Macro

= Copy temperature results to a new study as initial insert
temperatures for the subsequent shots

http://autodesk.typepad.com/beyondmoldflowinsight/2014/11/script-for-multi-shot-overmoldings.html
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Agenda

= 2015 Scandium Technology Preview
* Moldflow Insight 2016 Beta

= Some API Tools

= Long Term Research Collaborations
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Long Carbon Fiber Injection Molded:
PNINL, Toyota, UIUC, Plasticomp, Magna, Purdue Univ

Prediction of fiber orientation and breakage during injection
molding of “long” carbon tiber thermoplastics
2mm to 12mm
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50%wt LCF/PP (Midplane)

Fiber Orientation Components
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Long Carbon Fiber Orientation Validation: Edge Gated
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Long Carbon Fiber Orientation Validation: Center Gated

50%wt LCF/PP (Midplane)

Fiber Orientation Components

]

Normalized Thickness
!}/Y AUTODESK UNIVERSITY 2014
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Long Carbon Fiber Thermoplastic: Predictive Eng Tool

= Working to validate 3D long fiber orientation predictions
= Waiting for fiber length (breakage) data to be available

= Improved Fiber Breakage Model
* Phase 2: Molding of complex structural part
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University of Bradford:
Long Fiber Breakage

30%wt LGF/PP. Initial Fiber Length 12.5mm

/70 - 80 .
~#- Predicted -# Predicted
A — -Experiment B 60 — -Experiment B
50
40
40
/
\
30 &
20 - \
Fibire 1gth Dis Nk tion (%)
I I I I I O I I I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 4 5 6 7 8 9 10 TIRESZams
Fibre Length (mm) Fibre Length (mm)

Tmm Thick 2mm Thick
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University of Bradford:
Long Fiber Breakage

30%wt LGF/PP. Initial Fiber Length 12.5mm
Midplane

T

70 <¢Default 80 ¢ Default
= -=-Input Extrudate 70 -=-Input Extrudate
50 — -Experiment B = - -Experiment B

50
40

J 40
30 | ! 20 I

¥\ A
20 ' 20 | \
Flbr tribution (%) Fible istriaution (%)
O I I O

RS 1 5 6 7 8 9 10 11 12 13 o 1 2 3 4 5 6 7 8 9 10 11 12 13

Fibre Length (mm) Fibre Length (mm)

Tmm Thick 2mm Thick
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University of Bradford:
Long Fiber Breakage

30%wt LGF/PP. Initial Fiber Length 12.5mm
Measured FLD at various points along flow path

M AUTODESK UNIVERSITY 2014

45
40 —Extrudate _
35 —Sprue 1mm ThICk Part
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Fibre Length (mm)

B. Parveen, Ph.D. Thesis, University of Bradford, 2014
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University of Bradford:
Long Fiber Orientation

30%wt LGF/PP. Initial Fiber Length 12.5mm

Measured Orientation in Repeat Samples

Tmm Thick Part, 3.5mm Sprue
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Fiber Breakage in Barrel — University of Bradford

Measurement and Prediction of long fiber breakage during
melting in injection barrel

70 =3¢ Default
Feeding Zone Transition Zone Metering Zone
< > > < » 60 -#-Input Extrudate
' 50 - =Experiment B
Hopper | Stationary Platen Movable Platen P

I".

o

| |
| |
| |
I I 40
| | /

l |

30 |/
i | 10 -
\\ )
ozzle

Mold Plates F|er)Ler|gth2D|sgr|b|4tlop % 7 8 9 10 11 12 13
Fibre Length (mm)

New Project: Started Oct 2014
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Microcellular Foaming Bubble Nucleation
University of Toronto

New models and validation to predict cell nucleation,
dependent on pressure history, and local stresses around
fillers (talc, fiber, etc) -

New Project: Starting Dec 2014
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Chopped Carbon Fiber Compression
FORD

US DOE funding to develop predictive models for carbon
fiber draping and compression molding

/ Fiber Formats )
Fabrics Chopped

= Started Oct 2014 (4 year project)

Autodesk involved tor process modeling
Compression molding
Fiber Orientation
May include Infusion of resin into fiber bundles (tows)
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Notice

* Four slides containing sensitive information regarding
internal and some external collaborations are not included
in this download
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Summary

= Long Term Research Collaborations
= Long Carbon Fiber Inj Molding

= Long Fiber Breakage & Orientation
* Flow advancement at part edges

= Microcellular Foaming
= Composite Overmolding
= Viscosity Effects
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Questions

= 2015 Scandium Technology Preview
* Moldflow Insight 2016 Beta

= Some API Tools

= Long Term Research Collaborations
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http://www.autodesk.com/creativecommons

Students, educators, and schools now have

FREE access to Autodesk design software & apps.

Download at www.autodesk.com/education
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