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Class Summary/Highlights

Theoretical - Laura:

« Manual* DOE creation methods using tcodes, tcodesets, scripts
« Moldflow command shell use

» Study creation & modification

» Result extraction

Experimental - Paul:
« Comparison of theoretical vs. experimental

*This study included some functionality not currently available in the Moldflow Insight DOE module at
the time the study was conducted.
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Learning Objectives

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

» Recreate a sensitivity study tailored to your product line and commonly
used materials

« Reduce design optimization time

« Create modified studies and extract results from studies without using
the Autodesk Moldflow Insight user interface

« Enhance an experimental sensitivity study result

« Observe a comparison of predicted parameter sensitivity against
measured values
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Theoretical Sensitivity Study

Laura Stuart
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Theoretical Study — Motivation vs. Capabllity

TE Connectivity Internal Debates:
« Fill time vs. flow rate
« Pressure profile increments +/ Experiment| 3 Variables(0] |

« Mold & melt temp = |Fil+Pack Settings
- More fiold zurface termperature
: M elt termperature

Injection bme:

Moldflow Insight DOE Capabilities 3 | %Filling pressure vz time

w [ Duration
e EFilling pressure

Loohng bime:

= No direct mapping of our desirables
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Theoretical Study — Motivation vs. Capabllity

TE Connectivity Internal Debates: e
» Filled & fill time """’.DF.;HF;; —

- | Injection pressure

« Temp at flow front Sk matk dept

P b || b airnuarn bernperature at flow friont

= Time to ejection temp - Doegine
« Pressure at end of fill L F

= Volumetric shrinkage - EM or
Lomponent

» Deflection Bl Comporen
c el L Lomponent
+ || Deflection, differential coaling
+ || Deflection, differential :5:}'|rir'|l=:.agE:

Moldflow Insight DOE Capabilities o

w o iatp Literin.

= No direct mapping of our desirables

- D['HHH thon, all effects
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RUN | Mold Temp | Melt Temp|Fill Control | Pressure
| 3| low | High | low | Low
8 | High | High | High | Llow

Theoretical - Overview
Study/Mesh Creation

DOE =LV
« Variables (V) — e.q. process conditions
« Levels (L) — e.qg. high/low

Add:
= Materials (M)
» Geometries (G)

Resultant # of analyses = M*G*LV
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Fill Control | Pressure
Fill Time
Fill Time
Fill Time
Fill Time
Flow Rate
Flow Rate
Flow Rate
Flow Rate
Fill Time
Fill Time
Fill Time
Fill Time
Flow Rate
Flow Rate | Coarse

Mold Temp
Low

Melt Temp
Low

Fine

Theoretical - Overview

High Low Fine

Low High Fine

-' High High Fine

Levels (L) =2
"High” vs. "Low”
Variables (V) = 4
Melt & Mold temp, Fill & Pack Control -
Materials (M) = 4
2 PBT & 2 Nylon with varying glass content |
Geometries (G) = 2 varying geometries

Low Low Fine

i High Low Fine

Low High Fine

High High Fine

Low Low Coarse

High Low Coarse

Low Coarse

High

-
P

High High Coarse

Low Low Coarse

High Low
Flow Rate | Coarse

Flow Rate

Low High

o

-

===

High High Coarse

Resultant # of analyses = M*G*LV = 128
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Theoretical - Benefits

ACCURACY
Wil you accurately create 128 Moldflow studies manually?
EFFICIENCY
Do you have the time to create, launch, & review 128 studies?
Why manually create when you can automate?

SOLUTION
Scripting
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Theoretical — Scripting Used

« Python (programming language user choice)
« Batch Files
» Moldflow Commands

Adronnistratar: Moldflow Insight 2012 Cammand Line

MAME -
- Studymod exe S —— Studymod — Modify a study File
SYNOPSIS:
C:sEngAppssAutodes k28125 Insightsxbhbinsxstudymod.exe <InputStudy? <0utputStudy>
. StUdyrItexe <Modif ierFile
DESCRIPTION:
n
RunStUdyexe LInputiStudy Mame of the original study file
L{0utputFile > Mame of the modified study file
{ModifiedFile?> Mame of the file containing the modifications to make
runstudy — Command line lawnching of Moldf low analyses
SYMOPSIS:
runstudy
[—help]

[—project project_filel
[—temp temp_dirl
[—keeptmp]

study_name
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Theoretical — Scripting Used

To access the Moldflow commands (studymod, studyrlt, runstudy):
1. Select Start > All Programs > Autodesk Moldflow Insight 2012

2. Open either "Autodesk Moldflow 2012 Synergy Command Shell" or
"Autodesk Moldflow 2012 Insight Command Shell”

3. Enter Moldflow command (studymod, studyrlt, runstudy) at the
command prompt
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Theoretical - Solution

5 Basic Steps (detalls for each to follow)
1. Create the CSV file defining DOE
Create the Moldflow model

Create the Sensitivity Study script
Launch the batch file

Extract the results

SIS 02 e
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Theoretical — Solution Step 1

Create CSV file defining DOE with properties to
be changed

— 1.e. DOE table with one row per trial

Examples:

= Melt temp
= Mold temp
= Cool time

= |njection profile
= Pack profile
= And more!
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Low
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Fill Time
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Theoretical — Solution Step 2

Create Moldflow model

Define:

= Injection locations

« Mesh

« Material

« Anything not in DOE variables
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Theoretical - Solution Step 3

Create Sensitivity Study script to perform the following:
1. Define template xml file w/variables for replaceable elements
-e.g. properties, tset, tcode

2 O p e n C SV fi I e Adrrunistrator: Moaoldflow Insight 2012 Cormrmand Line

- . MAME -
3. For each trial/row: Studynod - Modify a study File
. CYMOPSIS:

a) Parse rOWS Into Values {"E:I“?quﬁgl?ihgutudeskhﬂﬂiﬂhlnsighthhinhstudynud.E:u:E LInputStudy <{OutputStuwdy

odifierFile
- DESCRIPTION:

b) Replace Values In Xml template CIlnputStudy? Mame of the original study file
<0utputFile* Mame of the modified study file
“ModifiedFile?> Mame of the file containing the modifications to make

c) Write to xml file
d) Call studymod.exe to generate new study w/xml file replacements
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Theoretical — XML File Example Code

Profilefine="'"" < TCode:
<?¥ml wersion="1.0" encoding="utf-g" 7> < !—— Packing pressure vz, Time Fine Profile

<StudyMod title="hutodesk 3tudyMod"™ <wer="1.00": <ID>10707</ ID>

<TnitSystem>Metric</Thit3Ivstem: <Waluex0.000 45.59</Valuex
<Walue>0.028 43.37</ Value>
<Property-

<Value>0.034 41.16</Value>
L Thetx

| <Value>0.038 38.95</Value=
L !l——Process controller defaults——-= cValues0. 046 36.74</Values
<ID>30011</ ID <Value>0.052 34.53</Values>
<3ubID>1</5ubID> cValues0.061 32.32</Values
< TCodex sValue>0.073 30.10</Values
< !—— Mold Surface Temperature —-x <Value>0.085 27.89</Value>
<IDh=11105</ID> <Valuex0.095 25.68</ Value>
</ TCode™ <Value>0.125 z21.26</Value:=
<Value>0,148 19.05</Value>
<Value>0.173 16.84</Value>

< !—— Melt Temperature -—->-
<Value>0.208 14.62</Value=

<ID>11002</ID> Value>0.247 12.41</Value>
<Valuex${MeltTemp! </ Values> <Valnes>0.290 10.20</Values

< TCoode >

</ TCode x> sValue>0.339 7.99</Value>
< TCode> </ TCodex>
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Theoretical - Solution Step 3 (continued)

Sensitivity Study script also needs to perform the following:

4. Create windows batch file with the following for each new study:
a) Runstudy.exe command
b) Create a new directory named by <studyname>
c) Copy into that directory the study file and all results

Adrministrator: Moldflow Insight 2012 Command Line
MAME:
runstudy — GCommand line lawnching of Moldf low analyses
CYMOPSIS -
runstudy
[—help]

[—project project_filel
[—temp temp_dir]
[—keeptmpl

study_name
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Theoretical - Solution Step 4

Run batch file

= runztudies. bat ‘

C:Y%ENGapps AutodeskMoldf low, Insight2012bhin' runstudy . exe Trial001.sdy
mkdir Z:W"us07667652323 Trialdol

wr

. oopy Trialdol.sdy X:Zwas076676%323 Trialool

1
9

copy testxml®* H:husO0766764%353% Trialiol

I

C:hyENGappsh AutodeskMoldflow) Insight2012binh runstudy.exe Trial00Z2.sdy

- - H o 1 — — — — —

mkdir X:"usO07ea76Y 33V TrialOOz

(WL

copy Trialld2.sdy X:hWwuasO0766764233% TrialOO:z

I ——

copy testxml* H:hus07e6764% 338 Trialdoz

G:5\2Ga\ENGaposMutodeskMo ldf lowsIns1ght28125\binsrunstudy.exe TrialB31.sdy
Cosomkdir #:\usB766765\65\r1alf3d

Cavoeopy TrialB3l.sdy R:S\usB76676\55\Tr1ald31
Ci\oeopy testxml* &:\usB76676M\55\r1alB31
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Theoretical - Solution Step 5

O btaJ N resu ItS 1 study  Defl Defl: xmax Defl: X min Detl: ¥ max Defl: ¥ min Defl: Z2max Defl: £2min

1. Create new CSYV file for results with column headers & row names

2. For each subdirectory (i.e. study):

a) Open the out file corresponding with Flow result, then:
= If line starts with message id (tcode):
« 304007, record “Filled” ——— >
- 304008, record “Shorted” + value filled _

hd . BUB B0
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Theoretical - Solution Step 5 (continued)

Obtain results (continued)
2. For each subdirectory (i.e. study):

b) For each desired result value:
. Build studyrlt.exe command line with appropriate result tcode
i. Run studyrlt.exe
ii. Read result from the .val file and record value

c) Write all results to a row of the CSV file

\—'—I

A ! K I % g 0 P 0 R

1 study  Defl Detl Xmax Detl: Xmin Defl; ¥ max Defl: ¥ min Defl: 2max Detl: Z2min Detl shrink max Defl arient max

2 Trial0ol 1.3257 0.0593917  -0,217107 0.00321003 -1,322% . 28832 -0, 426783 1.9164
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Theoretical — Studyrlt Format

MAME:
Studyrlt — Reswlt Extraction Utility

SYNOPSIGS:
studyrlt <study> —message <sequence? <message ID» <occurrencer <item? [—unit 51 iMetriciEnglishl

<ztudy? —xml <result ID:

Lztudy —exportpatran

{ztudy? —presult <result ID* -—mini—maxi—averagei—stddevi—node <node numberi—element <element numhbher:>
[cavityi—gate i—runner i —sprue l
[component <number> [—anchor <nodel? <node2* <node3:>]
[-unit 51 iMetriciEngliszhl

DESCRIPTION:
—me s s age Extract Results from Screen output
{sequence Which Analysis Seqguence to extract reswults from.
{1 = First analysis in segunece?’
<{message 1D Meszage ID number as defines in cmmesage .dat
{ocCCUurrence’ Get the specified occurrence of the message ID
Litemz Get the specified Data Item
—unit Show results in Uisible unit SI<default?,. Metric or English
—exportpartan Export a Patran file based on the specific study file

—xml <result ID:> Extract specified reswult set in AML format

—result <result ID> Extract a numerical value from the specified result set

Note: See the Moldflow help “tcodeset reference” & “tcode reference” for tcodesets & tcodes
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Theoretical — Studyrlt Format

—anchor <Model?> <Nodel2> <Mode3d?>

—result <pesult ID: Extract a numerical value from the specified result set
—min Get the Minimum value of the result data set
—Mmax Get the Maximum value of the result data set
—average Get the Average value of the result data set
—stddew Get the Standard Deviation value of the result data set
—node <node number: Get the Result at a specified node <example —node 57>
—element <element number> Get the Result at a specified element C(example —element 23>
—cavity Only Consider Results in the cavity region
—gate Only Consider Results in the gate Pegiun
—runnemr Only Consider Reszults in the r»unner Peglun
—S PPUEe Only Consider Results in the Sprue reqgion
—component <number: Component to extracted B = Magnitude <{default).

1 = &

2 =Y

3 = £

{only applicable to vector bhased reswultsi

Apply Anchor plane defined by Modes 1.2 and 3
{only applicable to warpage resultsd

—unit Show results in Uisible wnit SI<defawlt?),. Metric or Engliszh

Mote: HArgument order iz important please follow the argument order provided.

Note: See the Moldflow help “tcodeset reference” & “tcode reference” for tcodesets & tcodes
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Theoretical —Extraction Example Code & Cmds

gTemperature, part
row.append{studyrltc{file,' -rezult Metric'))
row,append{studyrlc{file,' -rezult Metric'd)

HTemperature, mold
row.appendi{studyrlt{file,' —-rezult 570z Metric'd)
row.append{studyrlt{file,' -rezult 570z Hetric'))

#heflection, all effects: Deflection
row.appendi{studyrlc{file,' -rezult o250 —anchor MN218516 N2239534 N213104 —unit Metric'))
row.appendi{studyrlc{file,' -rezult o250 —anchor MN218516 N2239534 N213104 —unit Metric'))
gheflection, all effects: X Component

row.append{studyrlt{file,' -rezsult o250 —component 1 —anchor NZ2185516 MN2=239534 N213104 —unit Metric'))
row.appehd{studyrlt{file,' -rezsult o250 —commponent 1 —anchor NZ2185516 MN2=239534 N213104 —unit Metric'))

Note: See the Moldflow help “tcodeset reference” & “tcode reference” for tcodesets & tcodes
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Theoretical — Result of Extraction Code
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2all
2all
270

F

F.01185
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33, 71396
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51,1458
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16,3437
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17,2601
16,9532
16,9573
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17,2989
17573
16,9807
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TimetoEject T P at Fill End “ol Shrmax ol Shrmin
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Theoretical — Result of Extraction Code

2, i k. L '] [ o F ] R
stucly  Defl
riallil 1.3257
rlallod 1,23971

Defl: ¥ max Defl: X min Defl: Y max Defl: ¥ min Defl: Z2max Defl: Z2min Defl shrink max Defl arient max
00593917 -0.217107  0,00321003 -1,32242 0, 28832 -0, 426783 1,916 U, e05008
0. 0654299 -0, 212253 000192773 -1,.296245 0, 209121 -1, 44158 l.a7ay 0,594316
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Ul3 1.43747 00560372
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0.0610909  -0.173525
0.0374776 -0.150649
O.060812s  -0,221244
U.0652815d  -0.215005
0.06034258  -0.186632
0.0351836 -0.191846
00302242 -0.247 702
0.043137 -0.237344
0.027417¢  -0,214227
0.0301933 -0.221439
n.0a00777 -0.25334
0.04524543 -0.27335584
-0,2153514

0.0190543
0.029326%5
0. 00534259
00016563
0.0135535
0. 0280583

0072431

0.03155 75

0.125185
0.142333

0.07/03163

0056719
0.124539

-1.158843
-1.21574
-1,313993
-1.29684
-1,193313
-1.21 724
-1. 443445
-1.435937
-1,431353
-1.46143
-1. 46021
-1.43051
-1.43134

02682584
0. 235615
0. 257275
0. 207335
0275387
0. 236465
0.239337
0. 202105
0. 256191
023446
0. 200377
0.20101
0. 256205

-0, 45871
-0, 46373
-0, 424933
-0, 435665
-0, 464233
-0, 466225
-, 387645
-1, 366555
-1, 323073
-0,331 774
-1, 382032
-1, 358123
-0, 3645011

1.71711
1. 73935
1.91247
1.87534
1.73234
1. 76176
210236
2. 13137
207852
2. 13036
2. 124485
2.119483
208021

0.539481
0031
U.6056354
0252306
0.543456
0531602
U.666244
0.6 753563
0. 624305
U.673274
0.6 72752
0.6 73505
U.624247
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Experimental Sensitivity Stuady

Paul Brincat, Autodesk
Senior Research Engineer — Melbourne, Australia
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Section Summary

In this section of the class Autodesk® Simulation Moldflow® Insight
predictions for a parameter sensitivity study will be shown against a test
case to firstly highlight aspects to consider and also demonstrate Insight’'s

alignment with the measured responses.
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Introduction

« Simulation Validation Group Is responsible for
guantifying the accuracy of:
« Autodesk Simulation Moldflow
« Autodesk Simulation CFD
« Autodesk Simulation Mechanical
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Experimental Sensitivity Study

= Corner geometry

» Polypropylene (Basell Moplen EP301K)

. T h € param Ete IS vari€ d : Experiment Melt Temperature Mold Pack Pressure
= Melt tem pe rature Number : Temperature [°F) (psi)
. Mold temperature (uniformly) _
« Pack pressure
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Experimental Sensitivity Study (continued)

Nozzle Pressure

« The outputs measured:
« End of Injection pressure
« Part linear shrinkage
« Corner angle
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Experimental Equipment

« Data acquisition device to capture
displacement, pressure and
temperature values

» Part dimensions measured optically
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Steps to Enhance an Experimental
Sensitivity Study Result
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Experimental Uncertainties

« To establish an accurate input parameter to output measurement
relationship, it Is important to:
= Minimize experimental variation by ensuring stable conditions
« quantify the experimental uncertainty through the use of repeats
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Experimental Uncertainties (continued)

» Measurement variations can then be observed on parameter
Influences, for example Warpage Angle
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Experimental Uncertainties (continued)

« Being aware of local measurement variations, such as some corner
curvature

» Key Is to ensure that trend Is captured

Scan of corner part
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Simulation Uncertainties

« Like Experimental variation, the Simulation uncertainty should be
minimized as well through an:
« Accurate representation of the geometry

« Appropriate selection of simulation parameters, such as mesh and parameter
settings
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Simulation Uncertainties (continued)

« Selection of mesh edge length based on mesh sensitivity test
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Simulation Uncertainties (continued)

« Variations such as Material
model parameters can impact
the sensitivity results
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Sensitivity Study Results

AU Autodesk University © 2012 Autodesk



Sensitivity Study Results

= |t would be ideal to get close to measured values but key aspects of a
sensitivity study are to observe;:
» the size of variation
« parameter trends

« All simulations are done using:
« Autodesk Simulation Moldflow Insight 2013
« Mid-plane mesh
« Cool + FIll + Pack + Warp sequence
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End of Injection Pressure

End of Injection Pressure (psi)

== Experiment

Parameter Influence (psi)
=l Simulation

mm Ire Pack Pressure

(A5! (A2175psi)

M Experiment
3 4 5 6

Experiment Number

B Simulation
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End of Injection Pressure
(continued)

Nozzle Pressure

== High Pack Press

« Unexpected Pack Pressure o pack res
Influence

« Shows that machine dynamics
can have an impact on
measured responses

Screw Position

=== High Pack Press

=L ow Pack Press
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Part Linear Shrinkage

Linear Shrinkage (%)

== Experiment

Parameter Influence (%)
=l Simulation

ire  Mold Temperature ® Experiment

3 i 5 6
Experiment Number

B Simulation
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Part Warpage

Warpage Angle (°)

A~ A AN
nm‘-v-‘ == Experiment
N\ W N

Parameter Influence (°)
-l Simulation

perature

o ® Experiment

3 i 5 6
Experiment Number

B Simulation
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Summary

« Important to consider uncertainties both in the experiment and

simulation as they can provide a clearer picture of the confidence In
your results

« Simulation sensitivity studies provide much more than single simulation
results, namely the expected:

= Sjze of variation
» Parameter influences

AU Autodesk University

2222222222222



Autodesk, AutoCAD* [*ifiwhen mentioned in the pertinent material, followed by an alphabetical list of all other trademarks mentioned in the material] are registered trademarks or trademarks of Autodesk, Inc., and/or its subsidiaries and/or affiliates in the USA and/or other countries. All other brand names, product names, or trademarks belong to their respective holders. Autodesk reserves the right to alter product and
services offerings, and specifications and pricing at any time without notice, and is not responsible for typographical or graphical errors that may appear in this document. © 2012 Autodesk, Inc. All rights reserved.



