Research Directions in Moldflow Insight

Franco Costa
Senior Research Leader, Moldflow Development
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Class Outline

= Validation
= Scandium 2016
= Moldflow 2017 Beta

* Research Projects & Collaborations

{\ AUTODESK.



Validation: Transient Cool (FEM)

= Highly Instrumented Box Tool with Conformal Channels
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Validation: Transient Cool (FEM)

= PA 6 material molded oving 95C/Fbed 95°C
= 30wt% Glass Fiber o | E | :
= Cool (FEM) using f\\ e

Conduction solver
= Agreement on

temperature rise and /\ N [\ /\
timing

T|me

Exp
— Sim

Temp.[C]
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Validation: Warp (3D)

= Deflection along long edge
* PAG6 30wt%GF
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Class QOutline

= Validation
= Scandium 2016

= Moldflow 2017 Beta

* Research Projects & Collaborations
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Disclaimer

/;\ AUTODESK UNIVERSITY 2015

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 gquarantee 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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Mold Cooling Analysis for 2K-Overmolding

= Consider all cavities and mold movement
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Mold Cooling Analysis for 2K-Overmolding

= Consider all cavities and mold movement
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Mold Cooling Analysis for 2K-Overmolding

= Cool (FEM), Transient results across multiple cycles

eeeeeeeeeeeeeeeeeeeeeeeeee (transient)
Time = 2.7
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Mold Cooling Analysis for 2K-Overmolding

= Select “Transient from production start-up”

Melt temperature 220 C

= Set up one cycle

Mold-close time before injection

Injection + packing + cooling time

[Spedﬁed v] Injection + packing + cooling time g [D:6000]

= Results span two cycles

| Transient from production start-up »| [ Cool (FEM) Solver Farameters.. |

[ Advanced options. .. l

Process Settings Wizard - Fill+Pack Settings for First Component Stage - Page 3 of 5 . N

Filling control

Injection time - ] s [0]

1
20.00

Time[s]

M AUTODESK UNIVERSITY 2015 A AUTODESK.



Mold Cooling Analysis for 2K-Overmolding

= Warpage analysis on final component only

CAFO SKO Deflection, all effects :Deflectio n
- Scale Factor = 1.000
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3D Cool analysis for Gas Injection Molding
= Cool (FEM)

= An initial Flow (Gas)
analysis isdoneto
determine the gas l
core

= Conduction or Flow
on Every Iteration for I
part temperatures ‘

Temperature, circuit coolant (transient)
Time = 42.87]s]

25.30

125.10

I25.01
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Core-back for Microcellular Injection Molding

= Complete filling & packing before mold opening
= Partial Mold opening triggers Bubble nucleation and
growth o o

<
|

= Advantages:
= Better surface quality
= Higher part expansion ratio

m AUTODESK UNIVERSITY 2015 ‘\ AUTODESK.



Simulation of Core-back Process for foaming

= New option for core back analysis "Include Core-back (Microcellular)*
= |nput data for the core-back simulation (distance, speed & direction)
= The core-back mold opening will start at the end of packing phase.

Process Settings Wizard - Fill+Pack Settings - Page 1 of 2 | 23 |
Maold surface temperatures 50 C
Filling contral

[Injediun time ,.]Df 1 5 [0] Core-back open distance 1| mm [0.1:10]

Core-back opening speed vs distance {opening is along z-axis
] Velocity/pressure switch-over (Microcellular) pening = opening d )

[Eﬁ.r “weight reduction - ] a 10

% (0:50] Distance | Core-back opening speed

mm [0:10] mm.s [1:50]
Paclkholding control
["x;FlIIing pressure vs time "] ’ Edit profile. .. ] ! 0 10
2 2 10
Include Core-back (Microcellular) 3 A

Cooling time

[ Specied ~|of 20 s [0 Core-back opening direction

’ Advanced options. . ]

Fiber orientation analysis f fiber material ’ Fiber parameters... ] QK ] ’ Abbrechen ] ’ Hilfe

[] Birefringence analysis if materal data includes optical properties

Weter > | | Abbrechen | |  Hife

m AUTODESK UNIVERSITY 2015 A AUTODESK.



Simulation of Core-back Process for foaming

= 3D only

= The meshed geometry Is the L &= - -
cavity before mold opening

= Use "Compression (3D)"
element type

= i
H mmmmmmmmmmmmmm (3D ﬁ
| aaaaaaaaaaaaaa | Compression Suface Properties | Mald Properties|
mmmmmmmmmmmmmmmmmmmm ity Automatic -

Muma:ic
Compression {moving) surface
FFFFFFFFF
Side surface

Name [Compression elemert (3D } (default ) 14

Apply rty

Abbrechen | | Hiffe
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Core-back during Foaming: Bubble Density Result

Bubble number density
Time = 3.197[s]

[L/em”3]

.80546.

20136.

. 0.0010

AUTODESK
MOLDFLOW' INSIGHT : ' '

\Y‘j
-56

| | | ] 38
Scale (60 mm) 15
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More Bubbles with Core-Back

No Core-Back With Core-Back

Eubble number density

Eubble number density Ti 6.455]s]
ime = 6. 5

Time = 5.110[s]

| Lfem™ 3]

80546,
-

[1/em* 3]

805446,
-

20137. 20158
. 0.0010 . 0.0010

AUTODESK AUTODESE b

. . 38
MOLDFLOW INSIGHTL MOLDFLOW INSIGHT - et lﬁ“ ] ! ! | 15

—sarErmmy
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Foaming by Chemical Blowing Agent

= Chemical reaction In the barrel produces CO, In solution
= Assume reaction is fully complete in the barrel

Intial gas amount Initial gas amount 3

Chemical blowing agent (CBA) Weight % of CBA 4 % [0.5:10]

Initial gas concentration by weight Foaming gas conversion % of CBA by weight 26 % [1:50]
Initial gas saturation pressure
Chemical blowing agent (CBA)

= s i

Bubble radius Bubble number density

Time = 4.770[s] Time = 4.770[s]
[mm] [Liem® 3]
LBTIE +07 ;
- 1.720E+07[1/cm’

0.010[n

1.766E+07[1/cm™3] |

0.0052]mm)]

4 D36E+06[1/cm™] |

. 0.0010
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Foaming

by Chemical Blowing Agent

* Research Project: Tested viscosity for a PP with 4wt%
Chemical Blowing Agent (CBA)

= |njection Molding Rheometer with shutoff valve

1.0E+04 ¢

“wwncen  Gas content: Twt%
: \ Only a small effect
g ) \ on shear viscosity
| N\
N 7=0.0 - @)rexpc+ vc?)

1 LE-1 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
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shear rate (s')
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r= B

u | |
Anisotropic Part Inserts
Insert Specific heat 2740 JAeg-C (0:100000)
| Insert Themal conductivity 0.164 Wm-C (0:1000) I
Anisotropic Properties
i D11 120429 MPa (0:3e+006)
01122 43506 MPa (0:32+008) |
01132 4918 MPa (0:3e+006)
g . . . . D112 0 MPa [0:32+006)
= Use anisotropic properties in Core-shiftand | :: o
01123 0 MPa [0:32+008)
02222 120429 MPa (0:3e+006)
02233 4518 MPa (0:32+008)
3 D War p s ; oo 2o
02213 0 MPa [0:3e+006)
02223 0 MPa [0:3e+006)
n n 03333 22950 8 MPa (0:32+008)
= Elastic and Thermal Expansion ——
I X I BEE} ] 0 MPa [0:3e+006)
03323 0 MPa [0:3e+006)
212 3846 MPa (0:3e+006)
= Useful for composite inserts from draping processes |:: -
01223 0 MPa [0:3e+006)
» » » M2 3846 MPa (0:3=+008)
= Used to describe any local material properties m—
02323 3846 MPa (0:32+008)
Alpha1l 1e-005 1/C -0.0001:0.03)
Alphaz2 1e-005 1/C {-0.0001:0.03)
= Local - Can be per element
Aphal2 0 1/C (40.0001:0.03)
Alphaz3 0 1/C -0.0001:0.03)
o Apha13 0 1/C (40.0001:0.03)
""" Partt Insert Properties | Mold Properties Frst local i
Wi 1.000000 [1:1]
| Matenal Database W 0000000 | 1]
. . . ’ : : 7 Va 0000000 [1:1]
[Sded user defined anisotropic matenal A User-defined anisotropic propety .. | . .
Select database material Vi 0000000  [1:1]
' Select user defined orthotropic material W 1000000 1]
: er defined anis ateria Interface conductance 30000 Ve 0000000 1]
[ ok || Abbrechen | | Hife |
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Mesh Editing:
Select Elements on Non-planar Surface

= First Select an element
= Use these tools to expand the selection for the entire

surface

= Can select multiple elements on

L

DY

®

By £ & & &

Selection ~

& - — | — [

13
mi% Planar Triangles
é{% Triangles on Non-planar Sheet

multiple surfaces
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Geometry Modification by Mesh Editing: Offset

* Modify Surface Mesh to change dimensions or
thicknesses @i Offset
= Remesh or stretch neighbouring elements :
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Selection and I\/Iodellng Tools Demo

*_ "Mdflaw_ ight 2017 [ptype start study]

= =L B2 B Show %7 Thickness [ Ovedap - 7 MergeModes ™\ Move Modes
2 Dual Domain = =33 == = 2
s — £ Msh Mstch B Connectinty 93 SwepEdges !, Align Nod
== Density Cenerste fMe=h 2 Faser
Mezh Seatistics > AspectRatio EX FreeEdges 3% Orientation W /" Insert Nodes <> Global Menge
Mesh ~ Mezh Diegnostics ~ Mesh Edit ~
=
Tasks | Tosk
Offzet AU
¥ égov |[R Ces |[2 Hep |
« lrpus Pxametars
Sslect trangles
0 move
Offzet dstance from cngnal peation
R — T
V| Remesh smmunding inengles
Falf | Adtomac <

Move s=lected tiangies n suface nomal

direciion. Move cutwands when ciis=! dGetence =
postve, mwads £ pegetye. The me of sfecled =
amas can be sdumed by falcf dodancs

» Selecton oplion

Mo progedy 1eb

Filer Va\ry tem >

ri1

v Zl=c ==&

Defait |

CAD Gw-u—,

7 ptypa_stat

£ Mesh Nodss

:D_umm Modes AUTODESK
MOLDFLOW INSIGHT

—~= otype et Tengies

(&)

rlbl,g D]

DU 0

I

4

-~
(18]

< DuprOgaicom) R mpe s ngy B
Raady Cs logs  Thermoplastics Injection Mciding

AUTODESK UNIVERSITY 2015 A AUTODESK.



Geometry Modification by Mesh Editing: Extrude

* Either modify an existing body, or create a new body

ﬁq Extrude
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Geometry Modification by Mesh Editing: Plane Cut

= Optional: Fill (mesh) the hole after cutting

= Allows editing half mesh anglﬂ;hen mirror back to full shape
v. % Plane Cut
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Geometry Modification by Mesh Editing: Fill Hole

= Search to highlight all elements around the hole
= Will follow curved surface shape

Eﬁ Fill Hole
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Ejection Analysis: Force from Ejectors (Scandium Only ]

L % Results

4 Flow

tonne

ﬂﬂﬂﬂﬂﬂ

b Ejection Analysis
Eection Force
[1 Deflection (Ejection)

) Deectn Gt and avoid visible stress marks

[] Von Mises Stress during Ejection

= Using embedded Nastran FEA solution
= Useful to check for balanced ejection

- ™,
Ejection Force \
Total eiection forceXY Pl Time = 46.25[s] —_—
otal ejection force: ot —_— q_—___q_”‘“'a
N.
\ H\\\;

- ¥ 7

s
&S

Inmm
/ / R\ "L
0.0021 !/ / ; % 151#% /

'2/!'& AUTODESK UNIVERSITY 2015

"
o
AS _, :
S
3850 Time[s]‘”bo 4350 46.00 0.0014 > ‘HII e %:.
VA P N
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Scandium Only

AAAAAAAAA
OOOOOOOOOOOOOOOO

Deflection During Ejection

AAAAAAAA 3

OOOOOOO " INSIGHT

Von Mises Stress During Ejection
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3D Residual Stress: Post-warp

12 LAYERS

[Scandium Only ]

Phase 1: Assume full mold constraint

10.00 / Stress tensor (warp):Probe XYPlot A Curve 1
§ = 0 -
Lad factor = 100.0[%] m Curve 2
7.500- / / @ Curve_3
r‘/} ] A
5.000- : _ .
f/ / » i ; A
. * /.
O 2500 NR=\ Fvly
= y 44 / !
0.0000- "
.r"_-' —*
2500 1 Ad - \
A,
g
-5.000 ‘ ‘ ‘ ‘
0.0000 0.5000 1.000 1.500 2.000

', )/!Q AUTODESK UNIVERSITY 2015

Length [mm]

Next Phases: Stress evolution

= Detachment from mold (before
ejection)

= Consider viscoelastic stress
relaxation
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Retractable Core pins [Scandium Only ]

= Supports part insert until pin Is retracted
= Retract when partially filled

Tazks | Tools

Modal constraint N N
Fixed Constraint

Modal translation

Along X axis |f A | |# Cl | P

Fixed - PR nee .

Along Y axis *  |nput Parameters

|Fixed v

Along £ axis Select:

[Fixed v N29

Modal rotation

About X axis

’Fi:.-{ed ,] Iz constraint in;

About'Y axis | Core-zhift Analysiz -

|Fixed -

P Retractable

|Fired v R etraction time 2 380

Use constraint in

’Core shift analysis - ] Retractable Retraction time 15 s [0:100000]
MName |Fixed nodal constraint
|| Apply to all entities that share this property

[ OK ] [ Cancel ] [ Help

m AUTODESK UNIVERSITY 2015 i\ AUTODESK.



How to get Scandium Technology Preview

= |abs.autodesk.com

= Search for “Scandium”

AUTODESK LABS: MOLDFLOW PROJECT SCANDIUM

Extend your simulation capabilities.

{\ AUTODESK. // LABS

Project

Scandium
for Moldflow Insight

Project Scandium for Autodesk® Moldflos® Insight 2016 software is a free’ technology preview that extends
simulation capabilities by offering new capabilities to try out and provide feedback. You can have this technology
preview installed next to your commercial products. You will need to use your Autodesk Moldflow Synergy and
Insight (solvers) 2016 serial numbers and product keys for the installation, and it will use Moldflow 2016 licenses.

" Free technology previews are subject to the terms and conditions of the end-user license and services agreement
that accompanies download of the software.

JOIN THE PROJECT
By joining the project, you have the ability to download the technology preview, post your feedback in the
discussion forum, and stay up to date with the latest developments concering the technology preview. You will

need an Autodesk login to join the project. If you do not have one, registration is free. Just select Create Account
after clicking to join the technology preview.

m AUTODESK UNIVERSITY 2015

= [Features

Cool for 2K-Overmolding
Cool for Gas

Core-back for Foaming
Chemical Blowing Agent
Anisotropic Part Inserts
Mesh (geometry) editing
Ejection Force

Residual Stress
Removable core pins
Wall-Slip

{\ AUTODESK.


http://labs.autodesk.com/

Class QOutline

= Validation
= Scandium 2016
= Moldflow 2017 Beta

* Research Projects & Collaborations
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Autodesk Moldflow Insight 2017  [ptype_start_study]

Hanno's custom tools D~

Local, Network and Cloud Solving and Meshing

AN o Y i =
Import  Add Dusl  Geomelry Mesh Thermoplesbcs | Analyss Select |lImechion | Process Optimezetion Soundary Anslyz=  logz  Job Results | Reporls
Damain in Clowd Injection Mcolding Sequence Material *|Locations| Setsngs Condtions  in Cloud Manager

Import ~ | Creste Molding Process Setup ~ Anshyus Resuits | Reporting

(]
01

Dustpan WL PS1 DOE 3

Dustpen 2 =383

Dusipen | EEE =

Dusigen 3
Custpen Crigrad feopy)

W) ptype st sudy

_

CAENEN PN EN PN

%] Stecy Tasks - pype_==t_sucy

< V8, Part prype_start s3t)

¢ %, Dual Deman Mesh (20320 dementa)

AN |

¢ 0 Ganedc PP: Genarc Defaukt p
Ewiorrents Srepates E5E

v 22 1 njeciion Locatients)

D'ﬁ Fil Frecm

v )0 Froosss Setings (Defaud)

v I Optmz=ton on=)

o Stast Aneiymal

(] Logs®

d o AUTODESK 13
< ﬁ_‘_ﬁ f"d“ Semerts MOLDFLOW INSIGHT Scale {38 mm) -

" DutpnOugral ooyl |V pipe 2 2y [

ES Llegs  Thesmoplastics Injection Maiding
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| General | Can | Tetra | Teka .ﬂ.dvanced|

New 3D mesher: Advancing Layers  [sw- — fomwsm -

* Minimum number of elements through ' 10
thickness [4:40[;

1.2
* Ratio of edge length in thickness direction 0.5
hear suiface to global edge length :
= Improved structure
@ * Automatic optimnization
* Mawrimum allowed aspect ratio; 15
= 10 layer Tet mesh by default
|
Save Default Y alues ” Uze Defaul alues

*|tems marked with an aszterizk can be stored az defaults
and zaved into workspaces

Wi/

10 layer

AUTODESK I AUTODESK
MOLDFLOW' INSIGHT M MOLDFLOW' INSIGHT

2 O 1 7 I\ AN N

m AUTODESK UNIVERSITY 2015 t\ AUTODESK.



B} | General | Cap | Tetra | Teha .ﬂ.dvanced|
New 3D mesher: Advancing Layers  [ow= oo
* Minimum niumber of elements through W
thickness [4:40[;
1.2
* Ratio of edge length in thickness direction 0.5

hear suiface to global edge length

Tetra azpect ratio control

@ * Automatic optimization
15

* Improved structure

” se Default Y alues

= 10 layer Tet mesh by default.

and zaved into workspaces

i

S Yo
W14 ToDESK: | | | | ’ i:ﬁ
Scale (3 mm) -9

ﬁnﬁ&?&éﬁ INSIGHT ' R 173 MOLDFLOW' INSIGHT
2016 2017
{\ AUTODESK.
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Local mesh density assignment

* Improved usability
= Define several mesh density groups

= Group will be highlighted

|

Sort by [Far_e ]

. (F215)
- (F216)
- (F217)
. (F218)
- (F219)
- (F220)
. (F221)
. (F222)
. (F223)
- (F224)
. (F225)
» (F226)
- (F227)

4

3

[ List all entities
Global mesh settings

Edae length:

Chord angle:

!}’( AUTODESK UNIVERSITY 2015

L]

0 Selecte

mrm

degree

d

(BD1)\(F14)
(BD1)\(F15)
(BD1)\(F16)
(BD1)\(F17)
(BD1)\(F18)
(BD1)\(F19)
(BD1)\(F20)
(BD1)\(F21)
(BD1)\(F22)
(BD1)\(F23)
(BD1)\ (F24)
(BD1)\(F25)
E01)) 26)

[ Apply global mesh settings

Mesh control group settings
(@) Edge length: 1

Mumber of divisions:

Chord angle: &0 degree

Clear Al ] [

QK ] [ Apply ] [ Cancel ] [ Help ]

\ &

{\ AUTODESK.



Local Mesh Refinement Redesign

[n;!_iatnv cap_study]

Type a keyword or phrase

Autodesk Mokﬂaw-‘_ wmwl;;;;ﬁ&iﬂ

Start & Leam _ommunity Hannt ustom 100 = -

| K 7T 17 Merge Nodes ™\, Move Nodes By LR B [O- — [ Move -
A DwiDoman - B ] tesh 1 23 Swap Ed 1, Align fNod = ey S ' kgt o
= Density Genesate Mesh . 3 ! 1 A aeve il [ Lo Advanced Eb & S 1S 5y L Measure (4, Quey
Mesh Statistics /" Insert Nodes < Global Merge > -
Mesh > — _Mesh Diagnostics » | MeshEdit > ’ Selection v_ i Propesties | Wiklies, | exsmine
= ve
[ = Y
| Tasks | Took - - 2
S Projact Raduce_Wamage_Dustpan’ :
o] =diaor cap_study | i
= [0 dutpan 3 ——
[8] Dustpan Original b g0l
[%] Dustpan WLPST DOE J
{8] Dustpan 2 43
8 Dustpan 1 EEE p—
8] Dustpan 3 :
{8] Dustpan Ongnal (copy) =| @] @
[§ Study Tosks :radtor cap_udy o
v "%, Part (radexor cap sat) [?
¥, Create Mesh
<% Rl @
v 9 Genanc PP Genanc Defaut
Matedal Quakty Indcators ‘-“ol?c% &
Emdronmantad Froperies ta ¢
v I Process Settings (Defaut) @
v Optimization {Nooe)
& Stat Ansiyms! I%I
O Logs® Ce
'
=
2
[Blla] v 22 = <=
| Layers
[#]#7 Default Layer
4 [Z]22 CAD Geometry
& rdator cap Y
L | | 128
AUTODESK -155
MOLDFLOW INSIGHT Scale (200 mm) T
% Duatpan Onginal {copy) ]i radistor cap_sudy |

AUTODESK UNIVERSITY 2015 A AUTODESK.



Thermoplastic Insert in Thermoset Analysis and Vice-

Versa

[mm]
-7.108 -_3.924 -0.7392{ 2.445

AUTODESK - l

MOLDFLOW INSIGHT ¢ coo0 o

Thermoplastic

ermoset

Part insert (30) |

Part Inzert Properties | Mold Properties

Materal Database

[Select database material "’] Material from which this feature is maﬁl[ Palymer || Select...

Local heat transfer coefficients

[Use global setting in advangpeleet B —

[Use mold surface temperat Malding material
i it | Generic PF : Generic Defaul <[ Ed. ||
Contact time before injection Thermoplastics material
[ Bxclude from warpage Thermoset material
|  OK || Abbrechen | Hite |
Name |Part insert (3D) {defaut)

Apply to all entities that share this property

Hilfe:

M AUTODESK UNIVERSITY 2015

W [mm]
182 -1076  -03114 04537 1219
AUTODESK: - _ - 1
OLDFLOW' INSIGHT Scate {16 ’ :

= Avallable for 3D

{\ AUTODESK.



Fiber Model and Parameters now a Material Property

Select fiber orientation model & parameters in material properties
= Customize settings per material

Fiber orientation model selection is removed from the Solver
P aram ete rS . Thermoplastics material 1

{_ Optical Properties Environmental Impact Quality Indicators Crystallization Morphology Stress - Strain (Tension) Stress - Strain (Cgmg@gg@);l

!)/'Q AUTODESK UNIVERSITY 2015

[ Description Recommendéd Processing | Rheological Properties l Themal i;rbpetties l pvT Properties | Mechanical Properties ]— Shn‘nkage lf’ropenies ‘ Filler / Fiber

Filler data

Fiber orientation calculation (Midplane and Dual Domain) by
‘ Moldflow model with auto-calculated Ci and Dz values v ’

Fiber orientation calculation (3D) by
‘ Folgar-Tucker model with auto-calculated Ci v ’

Weight
% [0:100]

Description

1 Glass Fiber 20

Select.. || Details >> ]

{\ AUTODESK.



Coolant Heat Transfer for Low Reynolds Number

= Molding trials in the Instrumented Box Tool
= Unfilled PP

Coolant Temperature Rise Mold Temperature

SSE=ElEESSSs

§] 500 1000 1500 Fil L] 2500 3000 0 500 L L) 1500 2000 2500 SO0
Reynolds Number

F =
{ C]
= = = =
[ (] o oh oo e |} =Y (=]

Mold Temperature (°C)

= [ T T R Ln ch =~ [0
[T [ B B [T [ T

Coolant Temperature Rise

Reynolds Number

= Update the empirical relations for heat transfer coefficients
from the cooling circuits at low/medium Reynolds numbers

W AUTODESK UNIVERSITY 2015 t\ AUTODESK.



Throughput Result for 3D Flow Solver

= Total volume of material that
passed through each beam

element

= New for 3D
= Already exists for the Midplane and DD

444444

m AUTODESK UNIVERSITY 2015 i\ AUTODESK.



DOE and Parametric Analysis

* Extended for three process features:
= Rapid heating and cooling BT Te————

! 7 Variables(10) | 4 Comparison Criteria(9) | «# Options

EI|:| Boundany Conditions o~

. Ve n tl n L:_I Rapid Heating and Cooling inlet pr
=-[#] Heating i

[ Temperature

=[] Time control

Pressure

Yalues to investigate  0.5000 MPa

=

| G aS | DOE Builder

=Pima [ p Experiment | % Vaables(10) |« Qualty Criteria{g) |+ Options
. _ H EI|:| Boundary Conditions - Fressure
e i< | n El-- Rapid Heating and Cooling inlet pr
=-[¥] Heating i _ -
Mumber of Analyses ; -{¥]| Temperature i Middle 1 alue 0 5 P parametric Study Eﬂ_
. El-- Time cortral 3 =
B -] (] Duration | Min Walue 0400 4# Variables(10) | % Comparison Criteria(3) |«
i..[| Delay after secondany M otes:
~

=[] Primary air purge - The range [Min. Value' EI"CEM}
3 i "Mi ' surtace tempersture - average
. . E‘-ﬂ -{¥] Duration Middle ¥ alue' from the or vity
Parametric Results Comparizon Explorer _—n ...[7] Pressure il - The original study zerve [ Circuit pressure
. ghart-zhots dunng the De .
Study: thet. dimpart 4| m | b || Circut Reynalds number
N ‘ Shaw/Hide Columns -] Circuit coolant temperature - transient
Nurnber of &nalyses : 31 ’<::| Back] ’Ne:-:t |::>] -] Circuit metal temperature - transient
Study Status Rapid Heating Rapid Heating Rapid Heating Rapid Heating -] Temperature at mold-cavity inteface -
Number and Cooling and Cooling inlet and Cooling and Cooling e . . P
T — To e e Rapid heatl.ng and cooling circuit flow
(defautt): (default)_Primary (default); (default): --[¥] Steam quality
Temperature air purge: Coolart Coolant inlet [ Rapid heating and cocling circult den:
Unit: C Pressure Reynolds temperature
Unit: MPa number Unit: C LI L] | k
1 E 180 05 10000 25 Murber of Analyzes ;1 :<::|
4 | m | b
Cancel ] [ Help
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Full Fiber Orientation Tensor for Initial Charge in 3D
Compression Molding

Initial charge (3D)

‘ Initial Charge

| Inttial fiber orientation
I

Tocx [0:1]
Tw 0 0]
Tzz 0 [0:1]
Ty 0 [0.5:0.5]
Tz 0 [0.5:0.5]
Tz 0 [05:05]

Name |VE>demalrirr1rirti;I7charge (3D) (def;.llt) #4

Apply to all entities that share this property
[ ok || Abbrechen | [ Hife |

3 |
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3D Flow “Solver API” Framework

= Allow user routines for selected properties and
calculations

= User-coded routines in a DLL
= Example Template provided

= AMI 2016 : User viscosity routine
= AMI 2017 Beta: PVT & Core-shift

= Future:
= Fiber Orientation ?
= Curing ?
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Motivation: Collaboration with Research Partners

-y
@ Solver AP

S 2
. | (‘

W AUTODESK UNIVERSITY 2015 t\ AUTODESK.




Starting with the Solver API

-\.
~
d-*d-

o N
Y

o t‘h-;

(7))~

R=NRcE X

Synergy API Reference

Solver API Reference

i

i o

Ty
o ) Sl

tcode and tcodeset Reference

Autodesk Moldflow Insight

Autodesk Account
Services and Support

Training

Desktop Analytic Program

About Autodesk Moldflow Insight 2016

==

Sample code included In
Moldflow Installation
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B B e Q

Hide Locate  Back Stop

Contents llgdax I §ean:h] Fa\farites]

b

Refresh  Home Font Print  Options

o & & O

B Main Page
B ([ Modules
@ Litility functions far 3D fill /pack {mhl
B User functions for 20 fil /pack fmht
=1 ([ File List
[£] Moldflow SalverLtiliy h
B ViscositylUserFunctions.h
[E] Globals

Main Page | Modules | Files

File List | Globals

MoldflowSolverUtility.h File Reference
Utility interface for Autodesk Simulation Moldflow Insight Solver APIL. More...
Go to the source code of this file.
Functions

unsigned int SolverUtilityHb3dGetApiVersion ()
Returns the current version number of the solver API library.

size_t SolverUtilityHb3dGetNodeCount ()
Returns the number of part and runner (polymer) nodes in the model.
int SolverutilityHb3dGetLabelForNode (size_t nodeld)
Returns a persistent identifier for the node whose Order Id is nodeld.
unsigned int SolverutilityHb3dGetNumberOfLaminates ()
Returns the number of laminates used in beam elements in the solver calculations.
void SolverutilityHb3dGetModePosition (size_t nodeld, double pos[3])
Gets the position of a node.
void SolverutilityHb3dGetNodeVelocity (size_t nodeld, double vel[3])
Gets the current velocity of flow at a node.
size_t SolverutilityHb3dGetElementCount ()
Returns the number of part and runner (polymer) elements in the model.
int SolverUtilityHb3dGetl abelForElement (size_t elementId)
Returns a persistent identifier for the element whose Order Id within the salver is elementld.
size_t SolverUtilityHb3dGetConnectedElementCount (size_t nodeld)
Returns the number of elements that a node is part of.
void SolverUtilityHb3dGetConnectedElementIds (size_t nodeld, size_t *resultArray)
Gets the element Order Ids of all elements connected to nodeld.
size_t SolverUtilityHb3dGetConnectedNodeCount (size_t elementId)
Returns the number of nodes in the supplied element.
void SolverUtilityHb3dGetConnectedNodelds (size_t elementld, size_t *resultArray)
Gets the Order Ids of all nodes connected to elementId.
double SolverUtilityHb2dGetTime ()
Returns the simulated time since the start of filling.
bool SelveruUtilityHb3dGetNodeDoubleResults (size_t aType, size_t aNumNodes, double *aResults)
Not supported yet. Prototype for future development.

const wchar_t = SolverutilityHb3dGeneralGetConfig ()
Returns the user configuration string (parameter text) that is stored in the study.

@@T| ChProgram Files\SutodeskiMoldflow Insight EDlF\data\mIverapﬂ -

File Edit “iew Tools

Help

Organize = oo Open - Burn Mew folder

hin
data

buildinfo

commands

dat
reports

solverapi

udh
udm
Eula

help

Mame

LB ¥ 11 DL DL % ) LA I o 1 o
F MaldflowllserFunctions_WiscosibeExarmple Lucxpraj
| MoldflowdlserFunctions_ViscosityExample2 woxproj
| MoldflowlserFunctions_ViscosityExample3woxproj
¢ Foweriscosity.cpp

] Poweriscosity.h

S PYTUserFunctions_Exarmplel.cpp

¢+ PYTUserFunctions_Exarnpled.cpp

¢+ PyTUserFunctions_Exarmpled.cpp

S TaitPyT.cpp

] TaitPyT.h

Faldflow Insigh

bdnlAflmne Thziaht

S ViscositylserFunctions_Examplel.cpp
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Solver API: Extended

Fill + Pack Analysis | Cool Analysis | Cool{FEM) Analysis | Fiber Analysis | Warp Analysis Core Shift | Venting Analysis | Inteface | Solver AP
O P VT - [¥] Enable Solver AP
General text For users to store and read their general text and data as a string
B 3 D Wa r p Viscosity model ) ) - |
User viscosity model from Moldflow UserFunctions) w | Parameter text For users to store/read a viscosity-related string!

. PVT model
H C O re S h I ft User PVT model from Maldflow UserFunctions) v | Parameter text For users to store/read a PVTelated string!

Core shift model

H I\/I O re m e S h an d User core shift analysis from Moldflow UserFunctions) ~ |Parametertet | For users to store/read a core shift-related string!
result utilities

Mame |Themoplastics injection molding solver parameters defaults (30)

| OK || Abbrechen || Hife
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User DLL defined call-back functions

SolverUserHb3dInitialize Initialize

Read Study File

SolverUserHb3dAnalysisSetup Setup

Flow Calculation

SolverUserHb3dViscosity &

Viscosity & PVT
SolverUserHb3dSpecificVolumeAtNode 4

Next Iteration

Temperature Calculation

SolverUserHb3dCoreShiftSolve Core Shift
SolverUserHb3dTimeStepComplete Blank User Function
Next Time Step
SolverUserHb3dCleanup Cleanup
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Two Groups of APl Functions

= User functions: User needs to provide these
= Only used if “User viscosity model ...” is turned on

double SolverUserHb3dViscosity { double temperature,
double shearRate,
double pressure

)

Return the viscosity of the material at a given temperature, shear rate and pressure. REQUIRED.
If this function is not exported and the study requests a user viscosity function, the solver will exit with a fatal error.

Parameters:
temperature Temperature of the material (unit: degrees Celsius).
shearRate  Shear rate of the material {unit: reciprocal second).
pressure Pressure of the material (unit: Pascal).

Returns:
The viscosity (unit: Pascal-second).

Mote: The 3N Flow solver reaards froren nolvmer (e, helow the transition temnerature) as havino a verv hinoh viscositv, sufficientiv larme to

= Utility functions: Provided by the Moldflow Solver
= Called by User functions to get information & output messages

void SolverUtilityHb2dInfo { const wchar_t * message )

Prints a message in the solver output and continues the analysis.

Parameters:
message The string to output to the solver log. The string is in the system's default wide character enceding and is null terminated. It
should not contain any newline characters and must be no more than 256 characters long, including the trailing NUL byte.
Warning:
This functicn is not thread-safe. If called from multi-threaded code the ocutput may be garbled.

Since:
API version 1.

';(\ AUTODESK UNIVERSITY 2015 "\ AUTODESK.
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Detailed Information in Online Help
= Search “Solver API” in regular Online Help

%  AUTODESK® MOLDFLOW® INSIGHT 2016 | HELP Signin @D English

Solver Application Programming Interface (API) ¢y LIKE (0) < SHARE

In some analysis types you can create your own C functions for the solver to call when it needs to calculate a property, such as the viscosity of the melt during a
filling analysis. This gives you the flexibility to develop your own material models where the supplied native Moldflow models are inadequate.

This feature is available for the following mesh types:
. [3D

Supported Analysis Sequences

L Analysis Sequence

3D Flow Fill
3D Flow Fill+Pack
3D Flow Cool (FEM)

when Flow analysis on every iteration has been selected in the Cool (FEM) Solver
settings of the Process Settings Wizard

Using this AFI requires you to be able to compile a shared library object and to copy it into the binary directory of your Insight installation. You may need to have
administrator privileges on this computer in order to do this. If you are sending the analysis to a remote computer then you may need administrator privileges on

that machine foo.

Tip: Access the Solver APl Reference documentation from the application Help menu. Click the Help question mark in the top right-hand of the Autodesk
Moldflow Synergy - User Interface, then select Solver AP| Reference from the drop-down menu.

Alternatively, using Windows Explorer, navigate to the installed product directory, typically C:\Program Files\Autodesk\Maoldflow Insight 20xx, then into the help
directory. The API reference is available in solverapi.chm.

Topics in this section

* Supported interfaces

* Building the user library
To use the solver AP you need to compile it into a native shared library on the platform where you will be running the solver.

* Solver APl examples
A few examples are supplied with the installation, that you can use to practice with and build upon.

Parent topic: Application Programming Interface (API)
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Compiling your User Code

= Install Microsoft Visual Studio (C/C++) 2012

= Microsoft Visual Studio Express Is a free download from
http://www.visualstudio.com/en-us/downloads.

= Newer versions may also be used, but require their own
runtime distributable to be embedded

Building the user library on Windows

On Windows, build your library as a 64-bit Release DLL. The example Microsoft Visual Studio 2012 projects,
MoldflowUserFunctions _xxocvexproj, can be compiled directly and installed with no changes.

The resulting DLL must be called MoldflowUserFunctions_dll and must be copied (by an administrator) to the same directory as mhb3d. exe,
typically C:\Program Files\Autodesk\Moldflow Insight 20xx\bin. This DLL will be opened only if you have enabled the user library in the

advanced solver parameters.
If you create a new Visual Studio project, ensure that the following options are set:
« (3eneral = Target Name = MoldflowUserFunctions
+ (General = Configuration Type = Dynamic Library (_.dll)
« (General = Character Set = Use Unicode Character Set
+ C/C++ = Code Generation = Runtime Library = Multi-threaded (/MT)
« Linker = Advanced = Target Machine = MachineX64 (/MACHINE X64)

b Systemn (C:) » Program Files » Autodesk » Moldflow Insight 2016 » bin »

Burn Mew folder

Requires Administrator privilege ... Datemodiicd  Type

tO erte tO thIS fOlder %, MoldflowUserFunctions.dll 6/18/2015 946 AM  Application extens
" | mhb3d.exe 6/12/2015 5:12 PM Application

m AUTODESK UNIVERSITY 2015 “\ AUTODESK.
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C

esh suitability in Mesh Statistics for DD Mesh

[ Tasks | Tools

Mesh Statistics F2 v E]

(¥ Show | (# Ciose | [2 Hep |

Input parameters

Element type: Triangles v

Information

Produce a summary report about the current mesh

Options

Show diagnostic result in Text
Display mesh/model
Place results in diagnostics layer

[7] Restrict ta visible entities

Triangle: 36.5934 cm~3 -~

Aspect Ratio:
Maximum Average Minimum
3.43 1.45 1.16

Zdge details:

Free edges 0
Manifold edges 14601
Non-manifold edges 0

Orientaticn details:
Elements not oriented 0

Intersection details:
Element intersections 0
Fully overlapping elements s}

m

Match percentage:
Match percentage 73=1%
Reciprocal percentage

Not suitable for Dual Domain analysis.

AUTODESK UNIVERSITY 2015

Not suitable for Dual Domain analysis.

welle3D_study
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Ribbon Menu Customization

= Customize existing Ribbon Tabs

= Create your own Tab, Panels and

your frequently used tools

= Save Export your tool bars

!}/’( AUTODESK UNIVERSITY 2015

Home

selection |

Create LCS

Tools

Lol s

View

_é** Cooling Circuit

&F{unnerS}rstem A Insert Nodes
Modeling

Geometry

Mesh

Boundary Conditions

é{f} Swap Edges
V Merge Modes

Mesh fixing

Results

Reports

Start & Learsn  Community

post processing

Hanno's custom tools

——
® /& "Customize Ribbon

L EEEEEEEEE——— . — R |

Choose commands from:

Home

Start & Learn
Community
Tools

View

Vault

Geometry

Mesh

Boundary Conditions
Results

Reports

Entity Navigator

' Company Ribbgh profile

< < Remghe

Customize the Ribbon:

Hame

Tools

View

Geometry

Mesh

Boundary Conditions
Results

Reports

Start B Learn
Community

e

Hanno's custom tools

Mew Tab H MNew Panel H Rename |

=

[ Igfport... H Export... H Reset |

Aoldflow Insight 2017

I

cqll Edit

| Cutting plane | Windows |

[radiator cap_study]

[d M &8
D &

Locking

o]

Help |

Cancel | [

[ To Clipboard

image |

. i
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Movable and sizable result legend bar
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Synchronize cutting plane over all locked windows

AUTODESK UNIVERSITY 2015
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New Default Plot Type for Re-melt Zone Plot

= Shaded plot by default

Re-melt zone, overmolded components (overmolding) ScrewDriver_study
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Other Improvements

= 3D Flow

= Improve accuracy of fiber orientation around the gate.

= Increase the upper limit of initial fiber length and allow up to 100 mm
ong fibers in the simulation.

RSC model can be used for disk-like fillers (aspect ratio less than 1)
: 3D Warp

= Allow Mesh Aggregation when isolating causes of warp
= Induction Heating for foaming processes

= (Microcellular and Chemical Blowing Agent)
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Moldflow Insight 2017 (Beta)

* From Scandium T.P.: = Plus:
= Cool for 2K-Overmolding = Local and Cloud Analysis
= Cool for Gas = New 3D Mesher
= Core-back for Foaming = Local Mesh Density Controls
= Chemical Blowing Agent = Thermoset Inserts
= Anisotropic Part Inserts = Fiber Model Controls

= Low Reynolds Number

= Enhanced Results & DOE
= Solver API extended

= Ul Customization
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Class QOutline

= Validation
= Scandium 2016
= Moldflow 2017 Beta

= Research Projects & Collaborations
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Summary of Long Term Research Collaborations

= Long Carbon Fiber Injection Molding &
Compression Molding (SMC)

* Long Fiber Breakage & Orientation

* Flow advancement at part edges

= Microcellular Foaming

= Composite Overmolding

= Viscosity Effects
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Questions

= Validation
= Scandium 2016
= Moldflow 2017 Beta

* Research Projects & Collaborations
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