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Simulation Fundamentals

Personal Introduction I
= Attendees in Class — MPI Modules used
- Name = Flow
— Company, Position = Cool
— Used flow analysis before? = Warp
= MPA = Fiber
= MPI = MDL
= Others = Fusion
— Used finite element analysis = 3D
- Experience with — What CAD systems are used
= Materials
. — Hardware used
= Part design . -
« Tooling — Reason for taking training
_ Design course
— Building

= Processing

I/uoldﬁow

Schedule of the Training Course I
= Monday = Tuesday
- Company Overview — Model Requirements
— Injection Molding Overview — Model Translation & Cleanup
— Finite Element Overview — Modeling Tools
— Design Principles — Using Magics STL Expert
— Synergy Interface Review — Using CAD Dr.
— How to Use Help — Material search
— A Quick Cool Flow Warp — Gate Placement
Analysis
— Flow Analysis Steps
| sucidfiow
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Schedule of the Training Course I

= Wednesday = Thursday
— Molding Window Analysis — Basic Packing
— Fiber Filling and Packing — Valve Gates
Analysis — Flow Leaders
— Results Interpretation and — Flow Analysis Process
Customization Settings
— Runner and Gate Design — Create Reports

— Moldflow Communicator
— Job Manager
= Friday

— Guided project

I/Moldﬁou/

Global Operations I
= Corporate Headquarters ® = Sales offices, Manufacturing

— Framingham Massachusetts (US) — Americas, 8
= Development offices ® - Europe, 5

- Melbourne Australia — Asia, 1

— Ithaca, New York (US)

— Los Angeles, California (US)
— London England

N .

= Sales offices, Design
- Us, 6

=

el

~

— Europe, 8
- Asia, 4

I/uoldﬁou/

Design Analysis Solutions I

9] = Moldflow Plastics Advisers
mes — Part and Mold Design for Manufacturability

= Moldflow Plastics Insight
— In-depth Part and Mold Design Optimization

= CAD Connectivity

— Moldflow Design Link
— Moldflow Magics STL Expert

— Moldflow CAD Doctor
- Moldflow Midplane Generator

I/uoldﬁou/
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Moldflow Manufacturing Solutions I

! = Manufacturing Execution Systems
— Shotscope

= Process monitoring and analysis
— CellTrack™

= Tracks and reports production and machine
efficiencies

= Factory Automation

— Moldflow Plastics Xpert
= Process setup, optimization, monitoring

— Altanium
= Hot runner process control

Moldflow Plastics Insight I

= MPI/Flow = MPI/Co-Injection

= MPI/Cool = MPI/Injection Compression

= MPI/Warp = MPI/Shrink

= MPI/Fiber = MPI/Stress

= MPI/Gas = MPI/Reactive Molding

= MPI/Optim = MPI/Microchip Encapsulation

= MPI/Mucell = MPI/Underfill Encapsulation
All MPI modules based on Midplane mesh
MPI/Fusion and MPI/3D add different mesh type analysis
capability

| Aoldtiow

Supported Molding Processes and Mesh Types I

Fast Filling v v

Fill v v v
Flow v v v
Core Shift v v v
Standalone Packing v
Fiber Flow v v v
Cooling v v v
Warpage v v v
Stress v

I/uoldﬁou/
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Shrinkage

Process Optimization

Design of Experiments

Molding Window

Gate Location

ANRY AN ANENEN
ASRYRYAYAYAS

Runner Balance

I/uoldﬂou/

Supported Molding Processes and Mesh Types I

Fill v v v
Flow v v v
Fiber Flow v v v
Overmolding v v v

v

Overmolding Warpage

I/uoldﬁou/

Supported Molding Processes and Mesh Types I

Fill v v
Flow v v
Fiber Flow v v
Cooling v v
Warpage v v

I/uoldﬂow

Supported Molding Processes and Mesh Types I
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Supported Molding Processes and Mesh Types I

Flow v

Fiber Flow v

Cooling v

Warpage v

Stress v
| Askansiy

Supported Molding Processes and Mesh Types I
Fill v v
Flow v v
Fiber Flow v v
Cooling v
Warpage v
Stress v
| otdfiow

Supported Molding Processes and Mesh Types I

Flow v

Fiber Flow v

Cooling v

Warpage v

Stress v
| Aokt
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Supported Molding Processes and Mesh Types I

Flow v v v
Wire Sweep v v v
Paddle Shift v v v
Dynamic Paddle Shift v
Warpage v
Runner Balance v v

I/uoldﬂou/

Supported Molding Processes and Mesh Types I

Flow v v v
Runner Balance v v
Multiple Injection Barrel Flow v

Warpage v

I/uoldﬂou/

Supported Molding Processes and Mesh Types I

Flow v v v

Runner Balance v v

Flow v v v
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Moldflow Services I

= Training = Customer Support
- Kalamazoo, M| — Methods
Framingham, MA = Phone

Web based ~ 1-800-284-FLOW
Self-paced * Email

— Support@moldflow.com

On-Site = Moldflow Community Center

= www.moldflow.com ~ From Synergy
» Help % Moldflow On the Web =

Moldflow community Center
— About
= How to

= Software usage
= Installation
- On-Site

www.moldflow.com I

moldflow”

Moldflow Community Center I
e N |
- Updated S ety
daily f SN
= Tips i
= Discussion e -
forum .

= Downloads

I/uoldﬁou/
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Moldflow Community Center

Submit support cases
= Manage cases

= Search for solutions
= Download revisions

= Documentation
= Training
information

Imoldﬁou/

Moldflow Curriculum

= MPI
— Simulation Fundamentals
- Advanced Simulation: MPI/Flow
- Advanced Simulation: MPI/Cool
— Advanced Simulation: MPI/Warp
= MPA
— Mold Adviser
— Part Adviser

I/uoldﬁow

Moldflow Certification

= User
— Bronze
= After Simulation Fundamentals
— Silver
= After Advanced Classes
- Gold
= After silver for a year
= Company
— After users are silver certified

I/uoldﬁou/
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Certifying the Student I

= Student attends MPI, course

= Passes (80%) an exam
= Gets “personal” certification

— Simulation Fundamentals
— MPI/Flow
— MPI/Cool

- MPI/Warp
= Valid for 2 years

= No cost for certification exam

I/Moldﬁou/

Resources Available I

= The training manual

= On-line help
= Other members of your class

= The instructor
= The internet

- Moldflow Community Center

I/uoldﬁow

QUESTIONS? I

Moldflow Plastics Insight, Simulation Fundamentals Training
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Injection Molding
Overview

Introduction I

= Aim
— The aim of this chapter is to review

= The injection molding process
= Flow behavior of thermoplastics in injection molds

= Why do it
— Understanding injection molding and flow behavior is

critical for proper use of MPI

I/uoldﬁou/

Injection Molding Machine I

Hopper

Tool

Barrel

L_ Hyd7ulic Unit

Screw (Ram)
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Injection Molding Terminology
Mold Components

Polymer Entrance Point prue Primary Runner

Part Cavity

\Secondary Runner

Cold Slug Well

Imoldﬁou/

Injection Molding Process

- Fl“lng Hopper-
- Mold closes Barrel\\.
— Screw forward 1}
— Frozen polymer skin
forms at mold walls Screw
\ Mold

= Packing Time

Cavity filled [ :
— Pressure applied to AH@

polymer
Cooling oceurs g e e
— Gate freezes more plastic into the cavity.
| _moldflow
Injection Molding Process
= Cooling o
— Part continues to cool until
rigid enough to withstand
ejection

— Screw moves back plasticating

resin for next shot -H@ o
= Mold Open
— Part is ejected )

I/uoldﬁou/
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Injection Molding Cycle I

Cycle Time: \ J22
Sec.

Fill Time: 1

Pack Time: l:] 9

Cooling Time: 10

Mold Open Time: N P

I/Moldﬁou/

The Injection Mold I

ak.a. ak.a.
Stationary Half Moving Half

I/uoldﬁou/

Injection Pressure I

= Pressure is required to push the plastic into the
mold cavity

= Limited by machine capability
- Hydraulic pump limitations

- Usually around 140 - 180 MPa
— Modern machines can go up to 300 MPa

= Major influence on final part dimensions

I/uoldﬁou/
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Variables Affecting Injection Pressure I

= Part Design

= Mold Design
= Processing Conditions
= Material Selection

Each area is affected by f ‘\\

other areas s =R
Some are easily changed, C X D
=8 =3

while others are not

Imoldﬁou/

Pressure - Drives Flow I

= Flow is driven by pressure
— Overcomes the melt's resistance to flow

= Plastics flow from high to low pressure areas
= Pressure decreases along the flow length

',,
£ I e
I o
I /MOldﬁ-OPV "Flow Length-—‘v
Part Design Affecting Injection Pressure I
= Part Thickness = Surface Area
I
I
i\ I
Thinpart ] \ . . S
e el /)
Higher ! Higher
Pressure : Pressure
Thick P i ””% :
ick Part I L f: [
JiY, e o)
Lower ! Lower
Pressure ! Pressure
I moldflow
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Mold Design Affecting Injection Pressure I
= QGate size = Flow length (gate location)
Restrictive Gate = Higher Pressure Long Flow Length < Higher Pressure
Generous Gate =» Lower Pressure Short Flow Length =» Lower Pressure

| _moldflow

Processing Conditions Affecting Injection Pressure I

= Fill time
o Injection Pressure vs Time
T oo 1\
ol %
s A
i |
o
a 80 + =
5 ptimum time Range
E, 45
€

Injection time [Sec.]

Processing Conditions Affecting Injection Pressure I

= Melt temperature = Mold temperature

Colder Melt =» Higher Pressure Colder Coolant Temperature =» Higher Pressure

=

Hotter Melt =» Lower Pressure Hotter Coolant Temperature =» Lower Pressure

I/uoldﬁou/
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Material Selection Affecting Injection Pressure I

= Different grades of the same material can have
widely different pressure requirements

Pressure Vs Material Viscosity PP
350
300
E 250
=3
§ 200 \u —— High Viscosity
$ 150 — Low Viscosity
100
50 ¥
0 2 4 6
Injection Time [Sec.]
| _moldflow
Material Selection Affecting Injection Pressure I

= Material selection affects injection pressure
— Different materials have different required

pressures
= Resin Flow Properties
— Low melt index g/10 min = higher pressure

— High melt index )
. Pressure Vs Material Type
9/10 min = lower 200
pressure T %0
= 200 1
£ 150 5
4 100
< 50
o
0 2 4 6 8
Injection Time [Sec.]
Factors Affecting Injection Pressure I
Variable Change Inj. Press.
Part Thickness 1::2‘( 1}
igh . :
Surface Area :']gw 1} Requires Higher
Smal rig Injection Pressure
Gate Size T s
L:'ng—e = Requires Lower
Flow Length Sho?l ¥ Injection Pressure
Too Short T
Fill Time Too Long T
Optimal L
T
Melt T ';“I’;;‘ 5
Low T
Mold Temperature Fiigh 3
i
Velocity Profile fnproper ¥
Melt Index Low ¥
High 3
Viscosity h?;:‘ ?}
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Flow Behavior

What Does a Plastic
Molecule Do in an
Injection Mold?

= Filling
= Pressurization

= Compensation

Phases of Molding

— Add extra material to reduce shrinkage

- Volumetrically fill the cavity

— Build up pressure in the cavity

*’I Filling Phase

b L— Pressurization Phase
Compensation Phase

Fountain Flow

orientation

= Fastest flow rate is in the center of the cross section
= First material in forms frozen skin by the gate

= Last material in is the center of the cross-section

= Has direct influence on molecular and fiber

I/uoldﬁou/

Cross-Sectional Velocity

18

Moldflow Plastics Insight, Simulation Fundamentals Training



Cross-Sectional Flow & Molecular Orientation I

= Molecular orientation is caused by shear flow
= The highest amount of shear is inside the frozen layer
— Produces the highest orientation

Shear rate - min max

I/uoldﬂow

Cross-Sectional Flow I

= 3D Flow analysis
— Left rib is filled
— Right rib is the only thing in the part not filled yet

Scaled so
velocities
higher than
50 are red

I/uoldﬁow

Cross-Sectional Heat Transfer

= Should be a balance between
— Heat input from shear

— Heat loss to the tool Cold Mold

Hot Plastic Melt

Plastic
Flow Heat

into the Tool

Faster
Injection
Rate

Slower
Injection VS.
Rate

I/uoldﬁow
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Pressure and Temperature vs Time I

= Pressure will always be a “U” shaped curve

= Temperature will always fall with as injection time increases

= Optimum molding window has flow front temp near melt temp

Injection Pressure & Melt Temperature VS Fill Time

350
=
£l | ot e | w0
?lOO \ 270 ;
g 90 \ \ 250 “é
a 80 230 E
60 190
[ 5 10 15 20
Fill Time [Sec]
Specific Volume -pvT Diagram I

= Displays relationship of a range processing melt
temperatures and pressures over the specific volume

PVT Data for Amorphous Material PVT Data for Crystalline material

£ //
E o
2 ]
2 o =y
g et
& 085 = P=150[MPa]|

0s0

5 ® W ® W W W o 0 10 B0 aw M W 5

Temperature [°C] Temperature [°C]

I/noldﬁow

Shrinkage I

= Normally

— Unfilled materials, shrink most in flow direction
— Filled materials, shrink most perpendicular to flow

direction

Same material and Parallel
processing for both parts.

|Perpendicular
Top part not considering 1.27%
glass fibers.
Bottom part calculated
with fiber orientation. %

U1?'7.

I/uoldﬁou/
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QUESTIONS? I

YRR By

Finite Element Analysis
Overview

I/uoldﬁow

Introduction I

= Aim
— Review the finite element meshes used by MPI

= Why do it
— MPI uses 3 mesh types all have

= Advantage
= Disadvantages

— Understanding the mesh types and capability is critical
for their proper application

I/uoldﬁou/
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Terminology I

= Mesh

— Division of the physical domain into a number of
sub-domains, or elements

Terminology I

= Element

A single sub-domain of a finite element mesh
= Elements used in Moldflow software are:
— Two-node linear elements (beams)

— Three-node triangular elements (shell)
— Four-node tetrahedral elements (3D)

Triangle Tetrahedral

I/uoldﬁou/

Terminology I

= Node

— Used in a model to

= Determine a coordinate position in space

= Assign

N
— An injection location x
- A coolant inlet
- In a mesh

= Nodes are the vertices of Midplane, Fusion, and 3D mesh

elements and the ends of beam elements

= Certain analysis results are recorded at mesh nodes

I/uoldﬁou/
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Mesh Types Used in Moldflow

All start with

aCAD Model ~ Alluse ,_,/
Beams

Tetrahedral
3D Volume

FUSION

Midplane -
(Dual Domain™)

I/uoldﬁow

Mesh Types

Midplane

Fusion
Dual Domain™

3D Solid

I/uoldﬁou/

FUSION: Dual Domain™ Mesh

Connector elements synchronize prediction:
Consistency between the results on the opposite sides is matched by
using "connectors” - elements with zero flow and heat resistance.

I/uoldﬁow
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Midplane and Fusion Mesh Assumptions I

= For thin-walled parts
— Flow width should be at least 4 times the thickness
= Uses generalized Hele-Shaw model

— Laminar flow of generalized Newtonian fluid
— Inertia and gravity effects are ignored
— In plane heat conduction is negligible

— Thermal convection in gapwise (thickness) direction neglected
— Heat loss from edges ignored

= Flow analyses includes

- Fill
— Flow (Fill + Pack)
— Gate Location

— Molding Window
— Runner Balance
— DOE

I/uoldﬁou/

How Fusion & Midplane Calculate Flow Front Growth I

From injection node
— The flow front grows to

connected nodes
= When a node fills other

nodes are added
= Melt temperature is

elements

homogeneous entering the =---} < «\
nodes gl ~.
mOId 3 3 Frozen Layer : .
= Polymer freezes as it hits Fountain
the mold wall Flow Region

I/uoldﬁou/

3D Mesh Assumptions I

= Designed for thick and “Chunky” geometries
= Uses full 3D Navier-Stokes model

- Solves at each node
= Pressure
= Temperature

= Velocity, X, Y, Z
— Considers heat
conduction in all

directions
— Optional

= Inertia
= Gravity

I/uoldﬁou/
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QUESTIONS? I

Introduction I

= Aim
— Review the Moldflow Design Principles

— Used with MPI
= Why do it

— MPI analyzes molding issues
= Addressed in the Moldflow Design Principles

— Following Moldflow Design Principles reduces problems
= Part design

= Mold design
— Makes parts easier to mold

I/uoldﬁou/
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Design Principles I

= Use Design Principles and Moldflow technology so you
don’t have to do this:

gt

Design Principles I

= Unidirectional and controlled flow pattern
= Flow balancing

= Constant pressure gradient
= Maximum shear stress
= Uniform cooling

= Positioning weld and meld lines
= Avoid hesitation effects

= Avoid underflow
= Balancing with flow leaders and flow deflectors
= Controlled frictional heat

= Thermal shut off for runners
= Acceptable runner/cavity ratio

I/uoldflou/

Unidirectional and Controlled Flow Pattern I

= Plastic should flow in one direction with a straight
flow front throughout filling

— Produces a uni-directional orientation pattern

Orientation is different

Directions, flow marks, =~ = /

high stresses, & warping.

Orientation in one
direction, Uniform, g o e 1

shrinkage, & stresses.
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Flow Balancing I

= All flow paths within a mold should be balanced,
— Equal fill time and pressure

= Naturally balanced runner system
— Also called geometrically balanced

- Same distance and conditions between the nozzle and all
cavities

— All cavities filling at the same time pressure and

temperature

I/Moldﬁou/

Flow Balancing I

= Artificially balanced runner system
- Flow length is different between sprue and the parts

- Sizes of the runners are different
— All cavities at the same pressure & time

Flow Balancing I

= Artificially balanced runners
— Limitations:

= Very small parts
— Pressure to fill runners is
higher than parts

= Parts with very thin sections
= Parts where sink marks are
important

= Smaller molding window than
naturally balanced system

— The higher the ratio of Before Alter

runner lengths
= More difficult to balance

I/uoldﬁou/
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Constant Pressure Gradient

= Most efficient filling pattern
has a constant pressure
gradient
— Pressure drop per unit
length nad
— Spikes normally indicate a
balance problem

Pressure spikes at
the end of fill due to
shrinking flow front

I/Moldﬁou/

e Prosure st yec s iacagear 1Y Plet

Maximum Shear Stress

= Shear stress during filling should be less than the
critical level
— Value of critical level depends on the material and
application
— Generic limit in material database
— Shear Stress at the wall refers to
the frozen/molten layer interface

= This will be the maximum shear
stress in the cross section

Material: ABS y
Stress Limit: 0.3 MPa -‘KQ(.‘-
Stress is plotted above the material limit W

I/noldﬁow

Uniform Cooling

= Molded parts should be cooled uniformly cavity to
core

= When non-uniform cooling occurs parts bow to the
hot side
— Molecules on hot side of the tool have longer time to
cool so they shrink more

Hot Side

Cold Side

I/uoldﬁou/

28

Moldflow Plastics Insight, Simulation Fundamentals Training



Uniform Cooling I

= On box-like structures

— If the inside corner is hot the walls will bow in towards
the inside

) Core
Cavity Hot  Heatis
Cold concentrated in the
corner of the core

Hot Corner
(shrinks relative

to frozen
sections, causing
warpage)

I/uoldﬂou/

Weld and Meld Lines I

= Eliminate if possible
= Position in the least sensitive areas,

= Weld Lines
— Formed when two flow fronts meet head on

= Meld Lines
— Formed when two flow fronts meet and flow in the

same direction Winld line about 8o fem

Muld line about b foim

I/uoldﬁou/

Hesitation Effects I

= Slowing down of the
flow front

= Limiting hesitation
— Make wall

Hesitation
inrib

thickness uniform
— Position gates far

from thin features
— Fill faster Gate far

from rib

I/uoldﬁou/
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Avoid Hesitation Effects

DON'T use gate size to balance cavities

EFFECT (- - - in runners

Material freezes off [r—
in the gate closest Middle cavity
to the sprue 1 is hesitating

HESITATION \l_r_ﬁ\ Low pressure drop

more than
1. N right cavity
TRADITIONAL
APPROACH |_|_|_|
First gats d . - - P
?hzsk%m”d REE e
‘widoth7, 5fmm 0.5 mm - tcr‘:,?"g‘: other
0 0. mm B |
Avoid Underflow I
= A change in flow
direction between the
time an area fills and
the end of fill
. Good Not
= The blue velocity | Good!
angle arrows should be 5,__ ?_Tlr,' i’ r r; :r N ;1 Tt;%
perpendicular to the i"-L 5? ‘_,,f{,, {,ﬂ:; ,;l p
- . ? T |
multi-color fill t_;f,/;/;;[r:r;‘
contour lines A /;f;/;,rﬁ,', i
NS AL
SRR LA AN B A4

I/uoldﬁou/

Avoid Underflow

70% filled

Weld Line
moves inside
frozen layer

I/uoldﬂou/

Arrows show direction
plastic moving at the
Flow front instant of fill

30

Moldflow Plastics Insight, Simulation Fundamentals Training



Flow Leaders and Flow Deflectors

= Subtle increase “leader”
= Subtle decrease “deflector”
= Influence the

filling pattern Uniform Thickness Unbalanced Filling! 2=
— Create a balanced “n
fill within the part w:ll
— Move weld lines |
alanced Filling
N
o fl
=

I/uoldﬁou/

Controlled Frictional Heat

= Runners should be sized so
there is shear heat in the =
runner l
— Reduces part

= Fill pressure

= Shear stress
— Reduces melt temperature

at machine nozzle = n

Optimize temperature at
part

= Reduce temperature at I

sprue so temp at part
correct

I/uoldﬁou/

= Runners should freeze relative to the part freeze
— No less than 80% - To prevent packing problems

— No more than 200% - To prevent controlling the cycle
time

e |

o
Smallest runner is OK e i | I
Largest runner and sprue may possibly control the cycle time 6762

I/uoldﬁou/

Thermal Shutoff of Runners I

Moldflow Plastics Insight, Simulation Fundamentals Training
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Acceptable Runner/Cavity Ratio I

= Design runner systems for high pressure drops
— Minimizes material in the runner

— Lower ratio runner to cavity volume
o — -

The volume of the
runners should be
20% or less of the

part volume

w W W

Volume of parts: 5.4 cc
Volume of feed system: 4.6 cc
Feed system:  85% of part volume

I/uoldﬂou/

QUESTIONS? I

Introduction to Synergy
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Introduction I

= Aim
— Learn the features of Synergy

= Why do it
— Synergy is the pre and post processor for MPI

= QOverview

— Introduce
= Main components of user interface

= Creating and opening projects
= Preferences

= Entity selection
= Properties
= Model manipulation

I/Moldﬁou/

MPI/Synergy I

= Single environment for all pre-processing and post-

processing tasks

Starting Synergy I

= Desktop icon E

= Start menu

— All programs = Moldflow Plastics Insight 6.0 ®Plastics
Insight 6.0

I/uoldﬁou/
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MPI/Synergy User Interface Components I

= Several main components
— Main menu

— Context menu
— Toolbars

— Panels
— Display window

— Wizards

I/Moldﬁou/

Menus & Toolbars I
= Menu -
&t ath it R ookt Wwindow  Helo
— Main
Wost..
— Context s
= Activated on right click Mew Sty Et
= Different depending on "..._"'g':;,‘?"
where activated m . —
= Toolbar Dekee ::c - =
~ Group of icons that w————— *
perform a task o
w Preciion View
 Miadeing
- ﬂ o Mash Manpulston
m-._ . . » .-I._.- .-
= = 1 0 8 [ = L |

Toolbar Customization I
= Toolbar Appearance "
DI e
— Flat icons e -s-nme‘.ea;m|
— Large Buttons o

= Toolbar Customization

— Drag the button to any
toolbar

— Modify existing toolbars or
Create your OWFI St o oty e choh @ B b s 7 destrpien, D B buon
et

= Docking i

[ ] comt | oo | e |

I/uoldﬁou/
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Panels

= Left side of Window
= Uninterrupted view of display

area
= Tabs

— Tasks
= Project pane

= Study tasks
— Tools
= Geometry creation

= Mesh Editing
= Diagnostics

I/Moldﬁou/

Project Pane I

= Manages studies (models)
= Can have sub folders

= Lists analysis sequence for each study

Complete Fill E}

Fiopect "W aagn Dhagrom’

Not started or -l Lo P
Incomplete Fill F el 2
[ Food Ti il & B®
= Dunipan
Cool Flow (fill pack) B el ¢ @@
Warp analysis sequence C F F i
Studies I
= Contain all information necessary for analysis
— Imported or created geometry
— Finite element mesh il E
— Analysis sequence T e 80
. . . [ 00w e _|
— Material information RPr=s 9008
— Injection location(s) B
— Process settings - J
M sosr @
* Open B 8
— Double click L finidy
s ¥ ®
— Drag and drop B o
- . @ son0s @
= File extension *.sdy | e
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Compare Studies

= Two or more studies can be compared
= Select the studies in the Project View
= Right click and select Compare Studies

= Yellow fields are different
from the first study

Study Task List

= Open and active studies have a study task list
= Lists basic steps needed to perform an analysis

= Green check mark . indicates task is done so an
analysis can start

Study Tasks © g2 sdy
+ "%, Past [3.03 0IGS)
+ "5, Fuson Mesh [2600 elemerts]
< Rl
+ 7 Luttan B48: Bayes US4
+ 2% 1 Injection Lecatonis)
+ 88 Paocess Seftings [User]

= Lists results

Prezoue 8 V/P switchover
Temperature ot flow front
Bulk temperature:

Tools Tab

Contains tool box of commonly used tools

= Create nodes = Nodal mesh tools ot Tok |

=4
= Create curves = Edge mesh tools FEeESNANENSS
= Create Regions = Global mesh tools [!™="= |
. . fey X o e
= Surface tools = Mesh Diagnostics e Pt
e
= Move/Copy = Set Constraints e s .
rF
= Create Beam/ = Set loads L k]
Tri / Tetra
Quick navigation between tools with F2-F12 keys |
and customized toolbars i
T E1 I (R = |

J| el ol m o [

"\."

g

RN

Iz

36

Moldflow Plastics Insight, Simulation Fundamentals Training



Layers I

= Used to organize entities
= Turn on and off the display of entities

= Set the color and display method
= Separate various parts of the model

= Aid in model
— Problem diagnostics

— Cleanup
= Scaling results

— Results automatically scaled by
visible layers

Imoldﬁou/

Layers I

= Status

- Highlighted
= Layer that W,
= Blue background

- Bold

= Active layer
= New geometry is
placed on active layer

— Checked

= On - entities on this layer are displayed

- UncheckedA/

= Off - entities not displayed

I/uoldﬁow

Layers I

e = Context Menu

{2 = cCreate layer
— Rename

> = Delete layer - Labels
— Show All Layers

v~ = Activate layer — Hide All Other Layers
— Move Up

= Layer display properties _ Move Down

= Assign to layer

4 = Expand entities on layer

&

Clean layers

I/uoldﬁou/
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Layers - Display Properties I
= Entity type
— Pick the entity type if more than one type on layer
= Color
- Specify, Red the specify color unless changed
= Show as
— Default Layer Display - Inside £l
— Solid Enity type: [Tiiangle siemert |
- Solid + Element edges Cobt " Delmd
— Transparent @ specty. [l Seect. |
— Transparent + Element edges ~S%ves [0 |
— Shrunken s
Close Hebp
| aoldfiow
Display Window I

= Location where documents are open

= Many documents can be P 4.

= Split ilﬂ

— Views e

open at one time i H S
e . i

Locking -
— Animations =
- Plots

— One window or all windows

Shalns] ..

st i

I/uoldﬁou/

Wizards I
= Cavity duplication — il
= Runner creation (S | [T

. ) ) :gr “j\ﬁ  Delnd
= Cooling circuit 3 ,*:a St
= Mold surface LS I3

A=y R

= Mesh repair = &
= Process settings S, e —
= Custom Plots cobisk' | wady | sigoy | oiee roa |||
= Report Generator :

I/uoldﬁou/
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= Create projects in new or existing folder on the
computer
— File & New Project
— Use Browse to get path to folder a7 v
— Enter the new or existing folder & EES St .
name in the Project name field L] o | e |
= Open existing project B

Create and Open Projects I

[P T —r— —Hd0r
— Navigate to folder e

— Click on *.mpi file name

— Click Open

I/uoldﬁou/ ) e—1 =

L T | =]

MPI/Synergy Preferences I
* General T — 115
= Mouse P T e el e e
= Results e e [ g
= MDL e e =
= Default Display P s [ st | r";'f_;"
= Viewer e e
= Background
= Help System e TR
= Internet o | s | o | ww |
Preferences - Mouse I
= Mouse button programming
— Set
. Middle 0]
« Right Gl |Hn.m|nlic.”|"h|au::|mhsn-:~ilh:-!|
" WhEEI pode  [EETTRNN -] [Cein =] [Drmarec Zoom =] [Barcing Zoom =]
= With ) g e =r
- Shift e e
- CTRL
AT [P |

— Set the initial mouse
mode for new
windows
(Left button)

[ N |

I/uoldﬁow
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Preferences - Results

= Set second unit on
results

= Add/Remove results

= Change the order they
appear in the Study
Tasks List

= Optimize memory is
for 3D results

freieeeen 2l
from being created i L L T
during analysis B E2 i [fograsaiamadeioy

T Dol 10 et e st
Lo 20 e sy

I/Moldﬁou/

Preferences - Default Display &/

= Every entity has display
defaults

= Can be changed at any
time

= Display of layers override
defaults

Co ] oo | o | ==

I/uoldﬁou/

Preferences - Viewer I
= Light shading
— Slider to the right
: CIITEEE——
= Most shading and i T 7 - i
best depth Gumd | ane | Pends | ML | DuadDiky Ve
) perception ek T Pz
— Slider to the left et s 1] E|
= No shading color on - a
part exactly matches “’L;‘ i 4
scale
. Bpunrit.
= Views to remember e S R—-———
— Previous View - Next 7 e s i i
view =

40
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Preferences - Background

= Solid color
= Color gradient

——
— Set color of the 4 _ﬁ___ i a2 oM S AR ) v___""”
corners R
Fiad [ sewt |
 Gutes  Comer cobmy =
Jitany | | arigy: |
[
=
i - R |
Preferences - Internet
= Automatically launch
Moldflow Community
Center (MCC)

. COTTEE—— x|
= Upload Log files ot | o | o | 0| ot | —
= Report animation VA e ot

settings P ———
Clambn—— |
Wh-ln ‘4—_-
I - Tl .

I/uoldﬁow

Entity Selection

z| = Click on an element
&| = Hold down the control key to select multiple entities

IZ | = Click and drag the mouse to band select multiple entities
& = Click a polygon band

de-select by banding
Li| = Selecting by a property group

#| = Band select facing items only
#| = Band select enclosed items only
%] = Hold down the shift key to

4| = Select all visible (CTRL +A)

5= Q @ @fremaTims T2 11122r:|f|.x|

Moldflow Plastics Insight, Simulation Fundamentals Training
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Saving Entity Selection

= Managed through a toolbar

= Integrated with the modeling
commands

= Combined with layers to give
extended functionality

_.mu lod-“I
Tookaox

LLeEEhhhBRNEB s

E |
Tranalstle 2 =
’T11131’11141!11511121T1122T_:j’l.xl | "J_‘J
 fooy K Llose Heb
Enput Patameters
Snlect '1‘!3T'I"1T'I'I|51'I'I2 *| lomove
certer ]
Yeckes ey} mm

I/Moldﬁou/

Properties

= Editing
— Select element to edit
— Open dialog
= Edit ® Properties
= Right click ® Properties
— Make changes

= To all entities with same property or only selected entity

3in

e P | i e |

Tt

W P

5y b e e S ey

e S S|

I/uoldﬁou/

Properties

= Creating
— Select entities
— Edit # Assign Property
— Pick type of property
= Only properties in list can be

used for the selected element
and mesh type

— Enter required data
= Removing

— Edit ® Remove unused
properties

I/uoldﬁou/

==

Thangeia Element

[ Descrption [Tupe

T Fuson Pt Suslace 81 G P face I
2 FumnPatSulsce 32mm  Fat naface

E{E]

] M
o |[me]_ta |

Cold gate surface (Fusion)

Pat insert susface (Fusion)

Part surfisce (Mdplane)
Parting surface
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I/uoldﬂou/

Common Tools I
= Model Manipulation [SeiiSissisl il SuRlomiy seils] slef
— Rotation P IS e T e o e e e e
= Dynamic 2|
= Default
= Key-in
— Pan o
— Zoom
= Dynamic ﬂ
= Banded y
- Center |
~ Cutting Plane (&[]
= Undo- Redo

= Measurements g

— Model can be manipulated between node picks
= Rotate
= Pan
= Zoom

e [E600 = e [EERI0 -

Dt [RF - Ve [RIE -

Iﬂowﬁow T [lavtie 2] e FORfreiesid

Common Tools I

I/uoldﬁou/

Common Tools I
= Query T g
— Modeling ® Query Entities P
(CTRL + Q)
- Query one entity to display — 2 22
information about it i b
= Triangle - Nodes, Layer, Thickness ’::"",,,“\7
= Nodes - Coordinates, Layer P e S
= All others - Layer fr
— Select entity
— Type in entity e —
= T - Triangle 7 Dl
= TE - Tetrahedral L R e
= N - Node
" B-Beam  [1i013 (neoo, w601, N63S) s on layer ew Triangied”, thicknese = 1.905000 mm

Moldflow Plastics Insight, Simulation Fundamentals Training
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QUESTIONS? I

1

Mokifiow Plastics Insight Help

How To Use Help

Accessing online Help in MPI

Introduction I

= Aim
— Learn the features of MPI’s help system

= Why do it
— MPI’s help contains a wealth of information from solver

theory to results interpretation

= Overview
— Accessing - Panel/Dialog help
— Home page — Context-sensitive (What’s this) help
— Contents - Favorites
- Index - Help Commands

— Text search

I/uoldﬁou/
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Accessing I

= Help menu
= Help icons on toolbars
= Help buttons on panels or dialogs
= F1 key
| _moldflow
Accessing - Help Menu I
= Search Help
— Brings up help dialog
— Tiles with Synergy
= What’s this ?
— Shift + F1
— On toolbars and dialogs
. B searchHep... F1
Keybqard Shortcuts NP hets The? i
= Tutorials Keyboard Shorteuts
= Moldflow on the Web Tuterials
= About Moldflow Plastics Insight MokdFlow on the Web >
| _moldflow
Accessing I

= Help icons on toolbars

?|— Help / -
K2|— What’s this?

= Help buttons on panels or dialogs
~ Dialog specific What’s this —— |

— General help —_ [
= F1 key

— Context sensitive

— Primarily used for results interpretation

I/uoldﬁou/
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Help Menu - Keyboard Shortcuts I

Lists all the available Keyboard shortcuts - Menus L}

shortcuts

- Menus
— Dialogs

= For example, mesh tools

I/Moldﬁou/

Help Menu - Tutorials

Access 2
— Help » Tutorials
— Help Homepage
Short tutorials on 5

topics
— Getting Started

= Full analysis process
— Basic modeling
— Mesh editing
— Post Processing ?
— Automating MPI (API)

Back  Forward Wb

MPI1 Tutorials

S

Gating 3Mred

Basic Modeling

Maesh Editing

Post Processing

Autamating MPL

I/uoldﬁow

I/uoldﬁou/

Moldflow home page
Moldflow Community Center
Internet Auto Revision Update

— Checks if there are any revisions available

Help Menu - Moldflow on the Web I

moldflow

S

f ‘1
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Help Menu - About Moldflow Plastics Insight I

= Provides specific
information on MPI

— Release
— Build

— Support ID
= More button adds

— Security data
— Operating System
— Graphics

I/uoldﬂou/

F1 Help I

= Primarily used to get help on
displayed results

Fill time resailt

1. Click on the result

2. PressFl

Thirgs to leok o

Help Home Page I

- - . almiz|
= Links to major topics & 5 = & & &

Wil Bk Fnd ew i Pt

= Menus to common T Ei i | Modow Pistics Insoht Help

help topics et
— Using MPI

= Getting Started
= Analyzing the part
= Design Advice

= Results
— Troubleshooting

= Flow problems
= Molding problems

| podtow b
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Home Page - Warning and Error Messages I

Find massage number;

. [ows  Go
= Quick search for the - =
errors or warnings

= Warnings and errors are
found in Screen Output

when the analysis is done
or running

I/uoldﬁow

Home Page - Using Help I
Making the most of your Help
= Describes the various Finding the right topic
methods that help can be b
accessed el
= Good examples on how e s
searching can be done e sy

Finding help where you need it

# Diskog boxes
» Results interpretation
# Toolbar Rems and menu commands

Getting more out of your Help
system

» Adding your remarks to Help tople:

% Searching the Help
moldfiow  Gocsmaring s o

Finding the Right Topic I
= Contents [ moldttow hely ———
= Index EE si Fe:?ud r@. ?&z é%

= Search Conters | ipdes | Seach| Favortes| || N oldif]

= Favorites W Using MF
7 @ Using MP1

+ Prapanng pour moded
4 @ Working with materialz

+ @ Preparing for anaysiz °F W
+ @ Anslzing the par Y
5 @ Working wilh 1esuls

= § Creating reports T
& Gloszary &/

% @ Troubleshooting and design ad- Ld

|| = @ Thece reference

48 Moldflow Plastics Insight, Simulation Fundamentals Training



Contents

I moldflow

= Find information based on categories
= Navigate through sub-topics to find specific topic

Corderts | ixten. | o | Firvomms |

Setting up a flow
analysis

Glossary

industry

Contents ]

I moldflow

= Located on the Contents tab of
the online help

— Contains terms relating to MPI
and the injection molding

- @ Glossary

| An s trag is an air sr gas Bubble that

BBl 15 saen trapsed By convarging
frents or traoped aguinet the chery mak
Thus causes o vurface biemah on the

Index

I moldflow

= Listing of subject in help
= Enter subject and/or scroll through the list

Cortarts loen. | Sameh | Fivuies |
Trom gt
e et e

Shear rate, bulk resullj

ar rate, bub result is

Moldflow Plastics Insight, Simulation Fundamentals Training
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Search I

= Full Text Search
= Search for one or more words

— Quotes “ “ to T ~
define phrase D Advice on gate types

= Use - A
— And (Default)

- Or
— Not

— Near

Automatically trimmed
gate types

I/Moldﬁou/

Favorites I

= Bookmark topic
— Click Add Button

= Double click on topic to display or use the Display
button

= Use Remove button to take the topic off the list

oo | b | St P |

' 3D mesh

I/uoldﬁow

Help Commands I
e D A& &
- Hide Hide Back Forward Home Font  Print
— This hides or shows the navigation pane of the help
= Back
— Goes to the previous help topic
= Forward
— Goes to the next help topic when Back has been used
= Home
— Goes to the home page of the help
= Font
— Toggles through a number of different font sizes for the help
= Print

— Prints the current help topic

I/uoldﬁou/
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QUESTIONS? I

1
A Quick Analysis
Cool/Flow/Warp
Introduction I
= Aim
— Complete a Cool, Flow, and Warp analysis
= Why do it

— Shows overall procedure for running a analysis
= Cool + Flow + Warp
= Basic steps in this chapter are typical for any analysis project

I/uoldﬁou/

Moldflow Plastics Insight, Simulation Fundamentals Training

51



The Steps...

Two different parts to choose from for Fusion or 3D

1. Open Project 8. Create Runners

2. Import IGES file 9. Create Cooling Lines
3. Mesh IGES geometry 10. Set Analysis Sequence
4. Diagnose mesh quality 11. Select Material

5. Fix Mesh 12. Assign Process Settings
6. Verify mesh quality 13. Run Analysis

7. Set the injection location 14. Review Results

15. Create Report

I/Moldﬁou/

The Parts

= Snap Cover
— Fusion model

= 3 Snap Cover
— 3D model

I/uoldﬁou/

Import IGES

= Snap Cover
— Import as a Fusion model

[N 2
[ L
o mesh pou e I ok vtft Pl
Loskin | 3 706, Dl _FOW ]
ot |
#—

I S by e

Ny L §
Flanwns [ G 55 [T |
Fdy [ = G |

I/uoldﬁou/
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Mesh IGES Geometry I
= Mesh the IGES geometry using Advanced settings
— Global edge length 3.5 mm
— Chord Height .1 mm CETTTEE— iz
Tt e e by s cote [iwiiom |
b g 3 (P ot ] o et Managm
@ S Ta il ot =
« % L
<7 Faon Mach (404 et D— iy
; v Genen: PP Gerene Delaut Tope s logh.
Si tion Locations =
% 5% He:::S?WTlD?“] e [ L]
[ M ¥ Enabie chun hesght coni
Legs Chend bt ot =
O g e [T
Check Mesh I
= Mesh =» Mesh Statistics
. COIITITEE
— Only problem - Aspect ratios WT:HJH
x:ﬂ trismgles :i"‘l:
;?.u-u. rrgican H
gl aln a2
n BT T L ————
T, b
Eleneats not oriented L]
Flrment Illﬂ:ﬂ‘tllll Ll
.
s mresi it s

I/uoldﬁou/ — =

Mesh Repair Wizard I

= Finds and fixes most mesh problems
= Each page a different problem

= On Degenerate Elements
1. Set tolerance to 0.7 mm

Toggle on Show Diagnostics
Use Dynamic Navigator st

5|

Find problem
Click Next

o s e

I St dagroscn F Shom e [l |

I moldflow ] o | o | o | | o |
[
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Check for Remaining Aspect Ratio Problems I

= Aspect Ratio Diagnostic EERed————
— It toolbox - Mesh Diagnostic | = & & %5 & L

= Use Dynamic navigator

|
Tasts Tk |
==

L 4GBt THE

[y — 7 .]J
o Bew X Dem e

ot g
eme
T —

Prabmect et

¥ St T Momatond

Oyt
LT R e |

¥ Doy st

T Pie i i gt by
moldfiow [

Fix Mesh -Swap Edges I
= Toolbox A e
— Edge mesh tools [FEesEANARNS 4

= Pick two elements that share a edge

I/uoldﬂow

Fusion Only -Verify Mesh Quality I
= Thickness Diagnostic Bl oo
= Fusion Mesh Match Ratio [<ceaerrnuiiaa

Diagnostic

4N\t Tickness Esagnasas: ]
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3D Only - Create and Verify Mesh

1. Change mesh type to 3D
2. Convert surface (Fusion) mesh to 3D
3. Run Mesh repair wizard

— Checks for 3D mesh errors

— Corrects errors found
21

o cx e it .30 e o chaged e Fon g smcecr.

T Punsts e sk s

¥ Tahas st g et 1t
Tt it sl arhe et aced

r e md ]
sten] e | G| o |[Fh] b |

I/Irloldﬁou/ |

Create the Runner

= Set injection location Jﬁ

= Modeling ® Runner System Wizard

Create runners for single cavity tool

Sprue location: 0.0X, -50 mm Y,

Parting Plane Z: -6.35 mm

Sprue Orifice: 3.97 mm, 60 mm long,

2.38°inc angle

Runner Diameter: 4.0 mm

6. Gate: 1.5 mm orifice, 15° inc. 45°
angle to mold

AW N R

1

I/uoldﬁow

Create the Water Lines

= Modeling # Cooling Circuit Wizard
— 10 mm channel diameter
— 25 mm from part
— X axis aligned
— 2 channels
— 30 mm spacing
— 50 mm extend past part
— Connect channels with hoses

I/uoldﬁou/
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Mold Boundary

= Modeling # Surface Wizard

— Creates volume of space for cooling analysis
— Set 300 mm cube

Set Analysis Sequence

8) Shady Tasks: sc.sdy
v L, Part [Srisp Cover IGS)
o

2% SetIniection Locations

¢ &5 Process Settings [Defal]
& N

Logs

i
Flow
J Cex
= w/ T

¢ G PP Genenc Detault

I/uoldﬁou/

= Set up a Cool / Flow /7 Warp analysis sequence

fsclect Analrats Sequence 2

ry or |

Corcel |

D 01 Eprrrrcrds [Fl]
Desgn 01 Dxperiments (Flow)
Mokl Windws

Gave Location

Flurres Eslarece

Coclng Filrgepacking. Wirnags

ETR |

Select a Material

= Use the following polymer

— Fusion - GE Plastics (USA), Cycolac GPT5500
— 3D - Huntsman Chemical Company, 5824S

%) Study Tasks - sc.2dp
| 0, Past [Snap Cover IGS)

o 72
¢ &5 Process Setting: [Defaut]

~
Logs

7. Fstion Meth (2484 sleerents]

7 Geneiic PP Generic Delaut

I/uoldﬂow

[Cresie G180

[ M matra 15 commerdy s b s sedecirg

Dusis | oo |[ox [ |

=] tawh
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Assign Process Settings I

= Change only
- Cooling

= Inject+pack+cooling time, Specified, 15 seconds
- Flow

= Fill control, Injection time, 1 seconds
- Warp

= |solate cause of warpage, Checked

%) Shudy Tasks  sc.sdy
v %, Pat Snap Cover IGS)
< ", Fusion Mesh [2484 slements]
"t Fll
7 Genesic PP Generic Dietaul
Satl "
5 Process Setting: [Defaul

~
Log:

I/Moldﬁou/

Run Analysis I

1. Double-click Analyze Now!
2. Watch logs

it iog o gt [ | P | i | s i | Gt Chc | P o | it |
|[omatyais T weginming ..o

Fillieg phase:

i
I Time | oulwse| fre
|

Fusion - Review Results I
= Cooling
— Temperature (top), part
= Flow
— Fill Time
— Bulk Temperature at end of fill
- Pressure
- Volumetric Shrinkage (at ejection)
= Warp
— Z Deflection, all effects and variants
| sucidfiow
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Fusion - Temperature (Top) Part I

= Cycle averaged mold surface temperature
- Plastic / metal interface

IN'-W!:\:»_-IQ. ]

Fusion - Fill Time I

= Shows progression of the flow front through the part

Fill timaf
= 1011]s]

||03l

ogn

I/uoldﬁou/

Fusion - Bulk Temperature at end of fill I

= Velocity weighted temperature average
— Through the cross section

Bulk temperature ot end of S8
=246 6[C}

— At the end of fill

il

.=Abbl

9

HE0

58 Moldflow Plastics Insight, Simulation Fundamentals Training



Fusion - Pressure I

= Pressure distribution at various points in time
— This case at 2.1 sec
Pressurel

- ~at V/P switchover / Tima = 1 050]s|
s

= Animated by time

&5

I/uoldﬂou/

Fusion - Volumetric Shrinkage (at ejection) I

Wolumatric shrinkage at ejection
=3.344[%]

= Volumetric change in

element
— At ejection

= Negative numbers
indicate expansion

I/uoldﬁou/

Fusion - Warpage Results I

= Deflections in the global Z-direction

— All effects i
- Cooling

— Shrinkage r H
- Orientation .

I/uoldﬂow
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= Flow

= Warp

3D - Review Results

= Cooling
— Mold internal temperature

— Fill Time
— Temperature (3D)
— Pressure

— Volumetric Shrinkage (3D)

— Z Deflection, all effects and variants

I/noldﬂou/

3D - Mold Internal Temperature

= Cycle averaged mold temperature

= Shows progression of the flow front through the part

3D - Fill Time

Fill time|
=0.9624[s]

[=l

1050.

07874

05249 l
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3D - Temperature (3D)

= Temperature through part thickness
— Animated through time

I/Moldﬁou/

3D - Pressure

= Pressure distribution at various points in time
— Animated by time

Pressun
1.045]s
IMP

1968 |
9an

0.0000

I/uoldﬁow

3D - Volumetric Shrinkage (3D)

= Volumetric change in element
— Animated through time
- Viewing through thickness
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3D - Warpage Results
-direction

= Deflections in the global Z
=

— All effects
- Cooling

— Shrinkage
— Orientation

I/uoldﬁow

Create Report
= Create images when viewing results

= Edit report

— Add Cover page = -

— Add text £

P b | Pt |
e _Fe |
P oot |
|
Stnand]

sl J o | M

o [l |
| eriai
QUESTIONS?
1

H‘\“

62

Moldflow Plastics Insight, Simulation Fundamentals Training



Flow Analysis Steps

Punjert ‘snquencer

[8] Cower, deteiming gate locston
[ Covm. Fred processng condiers
[B Cowns, Dptimize port 1

[ Cower, Optimize part 2

[ Covm. Sontdance runmes

[®] Cover, Optimize cocking 1

B Cover. Uplrmos cockeg 2

[ Cower, Detemine packing pnfle 1
[8] Cower, Dietarmine paciing profie 2
[B Covm. Warpsge. detemme ps
[B) Cower, \Warmage, detrimin magniide
[8] Cower, Maduce wamege |

B v, Himchurcs wispiage 2

I/Moldﬁou/

Introduction
= Aim
— Review steps involved in a flow analysis
= Why do it
— Every part is different
— Basic analysis steps the same
— Analysis objectives different
= Overview
— Concentrate on steps of filling
- Look at
= Packing

= Cooling
= Warpage

I/noldﬁow

Moldflow Design Philosophy

= Number of gates

— Based on the pressure to fill the cavity

— Minimum number of gates to fill the cavity
= Position of gates

— Position gates to achieve a balanced fill
= Flow pattern

— Straight fill pattern

— No changes in direction during filling
= Unidirectional

I/uoldﬁou/
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Moldflow Design Philosophy

= Runner Design
— Balanced filling of all cavities
— Minimum volume

= Sequence of Analysis
— Optimize the cavity first

— Design the runners to properly fill/pack the part(s)

| _moldflow

Project Design Procedure Using Moldflow

= Determine the analysis objectives for the project

= Discuss the project with all disciplines involved

= Use previous experience of analyst
= Use Moldflow Design Principles

= Use Moldflow Design Rules with the software

= Interpret results and make changes where necessary

= Discuss changes with all disciplines involved

= Repeat analysis until acceptable results achieved

| _moldflow

Optimize Fill

[T _rwerwen ]
:
« [T wmomemn [

Possible

Solution Review Results

Fill Problems
Resolved?

Select Molding Machine Problem
A Determine Molding Short Shot
Conditions Poor Filling Pattern
Poor Weld Lines
5 Set molding Parameters
Air Traps
Run Analysis High Stress

High Pressure

High Clamp Force

Possible
Solution

1,2,3,4,5
12,35
12,345
12,35
1,2,3,4,5
1,2,3,4,5

1,2,3,45

NOTE: The Fill process assumes
Mldﬂow that the model i of the partonly and

does not contain a feed system

64

Moldflow Plastics Insight, Simulation Fundamentals Training



The Most Important Step

= Will the part fill?

= What material should be used?

= What are optimum processing
conditions?

= Where should the gate be?

= How many gates are required?

= Where will the weld lines be?

= Are there air traps?

= How thick should the part be?

= Is the flow within the part
balanced?

= Are the ribs too thin to fill?

| _moldflow

Determine Analysis Objectives

Are the ribs too thick?

Can the part be packed enough?
Will the snap fit break?

Is the press big enough?

Are the runners balanced?

What size should the runners be?
Can the runner volume be smaller?
Is the gate the right size?

Is the cooling uniform?

Will the part warp within
tolerance?

Prepare FE Mesh

= May need to iterate if
mesh is not clean from
CAD system

| _moldflow

Local

N Initial Mesh
Good?
%

[ [ cleanvpmesh | |
Verify Mesh is Clean

Optimize Flow

= Adds to Fill
— Runner optimization
- Cooling analysis
= Optional
= Highly recommended
- Packing analysis

| _moldflow

Optimize Flow

I Optimize Fill I
Balance/Size
Runners

Cooling
analysis?

N

Optimize
Cooling

Optimize
Packing Profile

Moldflow Plastics Insight, Simulation Fundamentals Training

65



Optimize Part

I Optimize Fill I
Balance/Size
Runners

= Adds to Flow
— Warpage optimization

Optimize
Packing
Profile

I/Moldﬁou/

Optimize
Cooling

Optimize Warpage

" Solving involves
iterations back to

previous work

Optimize Packing
Profile

Determine Warpage Reduce Warpage
Magnitude

[0 Coven. Wiagagn, dtnssma magrahce
[ Cove Redice mupage
(9] Covmm, Mleskocn mapage

I/uoldﬁow

Determine
Warpage Cause

QUESTIONS?

,*‘i
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Model Requirements for a
Flow Analysis

Midplane / Fusion ‘/ 3D ‘/

I/uoldﬂou/

Introduction
= Aim
- Understand the requirements of a good mesh for
midplane, Fusion and 3D
= Why do it
— A good mesh is critical for accurate results

— Get better models from CAD when requirements are
understood

— Easier translation

= Overview
— General mesh requirements
- 3D specific requirements

I/uoldﬁou/

Mesh Types & Model Requirements

= Often same requirements for different mesh types
— Fusion
- 3D
= Most of the time 3D models are built from Fusion meshes
= Must have good Fusion model to create 3D model
— Midplane
= Some requirements specific to the mesh type

Moldflow Plastics Insight, Simulation Fundamentals Training
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Free Edges I

= Edge of an element that does not touch another
element

= Fusion & 3D
— Must not have any

free edges
= Midplane
— Will occur at part

edges

I/uoldﬂou/

Non-Manifold Edges I

= Edge where 3 or more elements share the edge
— A “T” intersection

= Fusion & 3D
— Must NOT have any non-manifold edges
= Midplane

— Will have non-
manifold edges

at all rib
intersections

I/uoldﬁou/

Match Ratio - Fusion Only I

= An element on one side of wall thickness matched to
another element on the other side of the wall
= Fusion

— Poor match relates to poor thickness determination
— Should be least 85% for Flow, 90% for Warp

Unmatched Matched

Mesh Match

Ulranatched I

Edge

Matched

68 Moldflow Plastics Insight, Simulation Fundamentals Training



Reciprocal Match Ratio - Fusion Only I

= When two elements on opposite walls are matched
with each other

— 100% reciprocal match is when all matched elements
are reciprocally matched

= Should be over 90% reciprocal match

— For good warpage results

Reciprocally Matched Matched but not
reciprocally matched
1 3 1 3
[ E——

o————o———n

Nodes do not
have to be
aligned to be

reciprocally  —————0 [ —— ————
matched 2 4

I/Moldﬁou/

Aspect Ratio I

Ratio of Length to Height of an element
Fusion & Midplane

— Maximum < 6:1 L
= Higher can be tolerated for flow analysis,

= High ratios cause problems with cool and warp

= 3D

— Maximum 30:1 on Fusion mesh to be converted
— Tetrahedral mesh ratio < 50:1 is best

I/uoldﬁow

Connectivity Regions I

= A group of elements that are connected together
= All mesh types must have one connectivity region for

the part
= Mesh statistics will report more than one region if

cooling geometry is in the study

resh statistics 21 x]
Entity count =]
Surface triangles 2812
Hodes 1402
Beans L]
Connectivity regions 1
Hesh volume 8.874 cm”3
Mesh area 123.974 cn”2

I/uoldﬁou/
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Element Orientation I

= Define the “Top” positive normal side and “Bottom”
side of elements

= Fusion

— Must have the Top (Blue) side pointing outward
= Midplane

— Orientation should be
consistent

= 3D
— Not applicable

Two elements not correct

I/uoldﬁow

Intersecting Elements I

= Intersections

— Elements intersect the plane of other elements
- Shown in Red

= Fusion & 3D & Midplane
— Must not have any

> w

I/uoldﬁou/

Overlapping Elements I

= Overlaps
— Elements in the same

plane intersect (take
the same space)

— Shown in Blue Overtaps/ntersections

= Fusion & 3D & Midplane e
— Must not have any /

I/uoldﬁow
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Zero Area Elements I

= Zero Area Element
— Very low volume or edge length

— Normally caused by very high aspect ratio elements
= Fusion & 3D & Midplane

— Must not have any

Thickness Representation I

= Ensure the thickness of the
model is correct

= “Chunky” geometry
— Fusion will not calculate

the thickness correctly
= Must be represented by a

3D model

I/uoldﬁow

Chunky Geometry I

= Less than 4:1 width : thickness ratio
= Prefer a ratio of greater than 10:1

= Heat Transfer only done on faces (blue) not in
thickness direction (Green)

— 2:1 ratio - thickness is 33% of the perimeter
— 4:1 ratio - thickness is 20% of the perimeter

— 10:1 ratio - thickness is 9% of the perimeter

10x TH ax TH 2% TH

I/uoldﬁou/
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3D only - Inverted Elements I

= Must not have inverted elements

Correct Inverted
Node 1 and 2 on the

same side of the face
shared by the two
elements

I/uoldﬂou/

3D only - Number of Element Layers I

= Default number of rows 6
— Used for most applications

= 8 rows better for 3D fiber orientation
= As number of rows increases so does the aspect ratio

— This can lead to problems with Navier-Stokes solver

I/uoldﬁou/

3D Only I

= Collapsed faces

— A node is defined on two opposing faces

— Local zero thickness

— Must not have

= Internal long edges

— Edge length of element inside part to the edge length
on the part surface

— Should be <2.5:1

I/uoldﬁou/
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3D Only I

= Extremely large volumes

— Ratio of volume of element to the average

— Should be under 20:1

= High aspect ratios

— Maximum aspect ratio should be < 50:1

= Small angle between faces
— Node close to the plane formed ~—
by the plane of the other elements -
Normal
— Should be > 2 degrees Small angle
Summary of Model Requirements I
Mesh Feature Fusion 3D Midplane
Free edges Must NOT have any Same as Fusion Can have at bqundgry of
holes and parting line
Non-manifold Must NOT have any Same as Fusion Is_a “T” cross-section -
edge Ribs
Manifold edge Only kind of edge allowed | Same as Fusion Same as Fusion
Match Ratio ; 85% for flow and 90% Not Applicable Not Applicable
or warp
Reciprocal Match S:;:Id be above 90% for Not Applicable Not Applicable
. Maximum <30:1 of
Aspect Ratio Average <3‘1_ Fusion before Same as Fusion
Maximum <6:1 conversion

Summary of Model Requirements I
Mesh Feature Fusion 3D Midplane
Connectivity One region for the part Same as Fusion Same as Fusion
Regions
Element The top (blue) side of the | Same as Fusion Consistent mesh
Orientation element pointing outward | before conversion orientation
Intersections Must NOT have any Same as Fusion Same as Fusion
Overlapping Must NOT have any Same as Fusion Same as Fusion
Elements
Zero Area Must NOT have any Same as Fusion Same as Fusion
Elements
Thickness Must have thicknesses : "
Representation properly modeled Not Applicable Same as Fusion
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Summary of Model Requirements

Mesh Feature Fusion 3D Midplane
Con_nectlvlty One region for the part Same as Fusion Same as Fusion
Regions
Element The top (blue) side of the | Same as Fusion Consistent mesh
Orientation element pointing outward | before conversion orientation
Intersections Must NOT have any Same as Fusion Same as Fusion
Overlapping Must NOT have any Same as Fusion Same as Fusion
Elements
Zero Area " "
Must NOT have any Same as Fusion Same as Fusion

Elements
Thickness Must have thicknesses Not Applicable Same as Fusion
Representation properly modeled

6 Layers typically
Number of 3D Not Applicable OK, 8 better for Not Applicable
Layers N y ;

Fiber orientation

moldflow

Summary of Model Requirements

Mesh Feature Fusion 3D Midplane
Inverted tetras Not Applicable Must NOT have any Not Applicable
Collapsed faces | Not Applicable Must NOT have any Not Applicable

Number of 3D 6 Layers typically

Not Applicable OK, 8 better for Not Applicable

Layers Fiber orientation

Internal long Not Applicable <2.5:1 Not Applicable
edge

Extremely large | \ Applicable <20:1 Not Applicable
volume

High aspect ratio " -

(Tets) Not Applicable <50:1 Not Applicable
Small angle Not Applicable >2 degrees Not Applicable

between faces

moldflow

Mesh Density Effects - Hesitation

= To pick up hesitation, three rows of elements across

a major change in thickness are required

2.0 mm -

1.0mm

3.0mm 4

2.0 mm

1.0mm . AR - A

VATSY 5 A
=

3.0mm AN LA VAL sl v

TaTATL XOO0000
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Mesh Density Effects - Weld Lines

= The mesh at the weld line location must be dense
enough to pick up the weld line

Mesh Density Effects - Air Traps

= Air traps may not be predicted if the mesh is not fine
enough in thin regions

Nominal wall
25mm

Thin Region
1.25 mm

Imoldﬂow

Mesh Detail

= Model must represent FLOW characteristics
— Thickness
- Flow length
- Volume
= Small features of a part should be eliminated from
a flow model
— Blends
- Radii
— Fillets

I/uoldﬂow’
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Effect of Geometry on Fill Pressure I
= Thickness Pressure vs Thickness and Flow length
— Greatest effect on Em Thcanuss_ o~ FlowLongn_—a-Vohums
pressure 2 o {
= Flow length §m |
- Second greatest a_: o | |
effect gl
" VOIume ° -lmﬂ 0% 0% 0% A% 5% B0
- Virtually no effect Percent Geometry Change
Effect of Corner Radii I
= Fusion & Midplane
— No effect on pressure Lomm
— Purple dots are nodes ‘/
= To represent radii, small node & L5 mm
spacing is required [T T —
= Creates high aspect ratio for ~ * * % * = = = = =%
very minor thickness changes
= 3D R0.25mm
— Can see local effect of corner b .
radii but must have very high
mesh density
A Model With and Without Radii I

= No Radii 14 elements > 6:1 aspect ratio
= With Radii 561 elements >6:1 aspect ratio
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A Model With and Without Radii I

= 3D can pick up local high shear at sharp corners
= Requires very fine mesh

= Only has local affect

Shear Rate (3D)|
[1/sec]

Compute Time, Mesh Density and Accuracy I

= As mesh density increases
— The compute time increases exponentially

— Limited accuracy improvement

Material, ABS
Pressure Change & Compute Time 1.9 mm nominal wall
vs Model Size Processing Cond. 60-235-1

Computer 2.8 GHz, 1 Gig Ram

—=— Min

1W0T% 1
. ‘ —+—%Change
I
\

i
\
cEEEEEEE
Compute Teme [minj

QUESTIONS? I
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Model Translation and
Cleanup

Introduction I

= Aim
— To learn how to import, check and fix models from

CAD systems
= Why do it

- Vast majority of models used for analysis are imported
from CAD

= QOverview

— Basic steps
= Import CAD model
= Mesh model

= Check for errors
= Fix mesh with Mesh Repair Wizard and manually

I/uoldﬁow

Preparing a Finite Element Mesh I

Prepare FE mesh
Prepare CAD model
Import CAD model

Try2

Ty1

Set mesh densities, global & local

Evaluate mesh

Iniial mesh good?

Y

[T cemwmen | ]

Fusion

mesh?

Create midplane

‘ ‘ Create 3D ‘ ‘
mesh

I moldflow =
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Prepare CAD Model I

= In Synergy - must mesh = In Synergy - is meshed
- Stereo-lithography (.stl) — Moldflow (.mfl)
— IGES (.igs, .iges) — C-MOLD (.cmf)

= |n MDL - must mesh — IDEAS Universal (.unv)
~ STEP AP203 (.stp, step) — Ansys Prep 7 (.ans)
— Parasolid (.x_t, .x_b, — Nastran (.nas)

xmt_xmb, .xmb, .xmt) — Nastran Bulk Data (.bdf)

— IGES (.igs, .iges) — Patran (.pat)
— Pro-e (.prt) — Fem (.fem)

- Catia (.catpart)
— Solidworks (.sldprt)

Parasolid, Pro-e, Catia and Solidworks need separate

licenses of MDL
| oldfiow

CAD System Export Options for STL I

= STL i l

~ Chord height :

— Angle control

— Facet deviation € = MI(1000 x Q)

where:

— Ascii / binary

¢ = chord height
p = part surface

t = tessellated surface

M = model size (the distance
between opposite diagonals of the
bounding box of the part)

Q = part quality (recommended
Fine STL Coarse STL 0.3, limits 0.1 to 1.0)

I/uoldﬁow

Import a Model I

= Access
- Import Icon

— File ®» Import
= Navigate to the folder ~ ..o = =

= Click on the file
= Click Open
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Import a Model - Geometry I

= Mesh type
— Midplane
— Fusion
- 3D
— If solid geometry
= Pick Fusion
= Cleanup model O 1
= Change mesh type as praitsees :'::““m_:‘ ﬁ
needed Tt

= Use MDL -IGES only

= MDL Options  Sromboniy © IREED ot o

I/Moldﬁou/

Import a Model - MDL Options I
: T 20 x|
" Settlngs Biahore o Cam impent thes le oo sl select e iype o
o st pons vt o work wlh
— Translate surfaces T
= Synergy used to generate sk
the mesh
= Recommended
— Generate mesh I Somresiby 7 DRES
= MDL Mesh generator used
« Edge Length 1
— Auto F Ganmsegmsh 7 Tiaralite places
= MDL determines Kol Hel
e = Bansschd " Popametic
— Specified
N f Edge Langth
User inputs I Ao - BT e
Import a Model - STL I
= Mesh type
— Midplane
— Fusion
- 3D
— Pick Fusion
= Cleanup model N 2ix
. ﬁg:ggg mesh type as ;“";;‘ﬂ_uhﬂ;";‘*“"“
ﬁ-! Cancel
= Units i The unks fox this e ave ok speciied Plesse select M
— Change if necessary |
— Refer to dimensions  Apesmse dmesons 5060 x 254041905
listed I~ Shombigatleg
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Local Mesh Sizing

= Access
— Mesh » Define Mesh Density
— Context menu (right click)

= Set
— On geometry

RIE
— Before meshing i P Y )
.g e L 1 Charwmei 2
= Change densities : e
_ G|0ba| I' P'wc?ﬂ\lmlﬂﬂ:m - '_— =
¢ Pt nbn Fae] elmB| B 551 | =
_ IOCaI + Pt s Fiason) el st 61 (560

T P s e

“ x| [e] Cesa | e |

= Preview

I/uoldﬂou/

Setting Local Mesh Density

= Select entities to list in dialog
= Open Define Mesh Density dialog
= Pick subset of entities in list by clicking
on the loop
— Blue lines highlight the loops -
= Click Apply to preview - Change as needed
= Generate mesh

Will Not work on

STL models directly
as the entire STL is
considered on entity

I/uoldﬁou/

Generate Mesh

= Access CrTTEE— 2ix
. . . Tha s gornatn vy s ot [isien ]
— Click on mesh icon in e
— N T P, sy o it o o st P
study tasks list == T Phon sy e e P
dcbearced {1

— Mesh ®» Generate Mesh

I/uoldﬁou/
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Generate Mesh - Edge length I

= Global edge length |
— Main control of ‘

mesh density

= Chord height
— Controls mesh density around
curved features
= Use Preview button
— View mesh density before
meshing
off

.01lmm 0.2mm

Generate Mesh - Mesh Control I
= NURBS Surface mesher
— Advancing Front EEPTTEEE—— iz
- Default o e
= Most options with this 7 P o o it f P T
mesher ™ Plnss mnsh i moes by

— Legacy e

= Split-based mesher St oo TR <)

I~ Cpimcn wepect v by maac cureniurs sorid

= Not as good as advancing Lo e e

front

I/uoldﬂow

Generate Mesh - Mesh Control I

= Surface curvature

control

— Puts finer mesh on
curved surfaces

- Proximity control No Curvature control ~ With Curvature control
— Puts finer mesh on

surfaces closer
together than global
edge length

= Chord height must be
on for both No Proximity control ~ With Proximity control

I/uoldﬂow
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Generate Mesh - Mesh Matching

= Post processing step
— Ensures elements are lined up

4
WWAK

o
SO
N ’b"b\ <

B

[

[\

%
2\

Surface Mesh Guidelines

= Not all setting are appropriate to use for Fusion
meshes generally

= Global edge length
— Use Preview button as a guide

— Fine enough to capture
= Wall thickness changes
= Weld lines
= Other critical detail
— Fusion up to several times the nominal wall

— 3D up to about 2 times nominal wall

I/uoldﬁow

Surface Mesh Guidelines

= Chord height
— Default on at 0.1
— Use to capture critical circular detail
— Use preview to see affect of the value
= Mesh match
— Off for

= 3D (Fusion to be converted)
= Midplane
— On for Fusion
— May create small sliver elements than need to be fixed

I/uoldﬁou/
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Surface Mesh Guidelines

= Surface curvature control

— Ensures fine mesh on curved surfaces
= Proximity control

— Ensures fine mesh on surfaces close together
= Both controls

— Chord height must be on

— Primarily used for 3D models

— For Fusion mesh

= May be too fine
= May decrease match ratio

I/Moldﬁou/

3D Meshing
—
= After cleaning up Fusion
mesh ‘ Set mesh type

= Set mesh type

— Right click on Fusion icon I

‘ Set meshing options
‘ Generate mesh

— Select Set mesh type » 3D :

4% Check and fix the mesh

Y
End
3D Meshing I
= Elements through the
- CrTTE— 1ix
thickness The s prmton s el b e [iwiiom |
— Default 6 D L e L ekt Maragm
T Pamatah ol oo tond ot o B i Canc
~ Minimum 4 el e |
— 8 recommended for fiber e
filled i e it T
— Higher to capture very ool oo
fine detail biaons
- May need finer surface Aot
mesh with higher number I — ———
of layers [ T —

84
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3D Meshing

= Use surface mesh optimization
— Cleans up problem areas if
found
— Fusion mesh should be clean
before converting
= Use surface mesh matching
— Determines placement of
internal nodes by matched
elements

Small slivers fixed by
mesh optimization

Matching may need to be
off on very chunky parts

I/uoldﬂou/

3D Meshing

= Tetra aspect ratio control

— Decoupled layer optimization and aspect ratio
reduction

— Reduces elements and aspect ratios
= Node biasing
— Changes layer thickness

of elements
— >1 thinner at wall
— < thinner in center

I/uoldﬁou/

3D Meshing Guidelines

= Use appropriate surface mesh

— Edge length ~double thickness

Clean model before conversion

— Remove: Overlaps, intersections, free edges etc.
Aspect ratio before conversion

- Below 30:1

— Preferred closer to 6:1

If 3D mesh fails

— Review the log file

— Repair areas mentioned in the log file

= Validate mesh with Mesh Repair Wizard

I/uoldﬂow
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Midplane Meshing

= Start with clean Fusion mesh

= Set mesh type to Midplane
Create a midplane mesh

— Remeshing existing mesh ‘

Set mesh type ‘

= Clean mesh \

‘ Generate mesh ‘

‘ ‘ Cleanup mesh ‘ ‘

End

I/uoldﬁow

Generate Mesh

= Mesh now
— Immediately meshes part
= Job Manager
— Opens Job Manager
— Can send meshing to different queues

Generste Mesh

The mesh generstion process vl ty lo cisste an
appuopsals mech for the analpsis piocess. Uiza the

[T Femesh sheady meshed parts of the model
I~ Place mechin active laper

I/uoldﬁou/

Evaluate the Mesh - Visual Inspection

= Ensure mesh
requirements met

= Models thickness
changes

= Good Weld line
definition

To Coarse To Fine
1004 elements 58760 elements 8178 elements

I/uoldﬁow

About right
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Evaluate the Mesh - Mesh Statistics

= Tool that checks and
reports on the mesh
quality
— Entity Counts
— Edge Details
— Orientation Details
— Intersection Details
— Aspect Ratio
— Match Ratio
= Mesh ® Mesh Statistics

i x|
Entity =1
Swrface triangles Ezall
Hades 1186
s "
Eansectivity reglons 1
Hesh wolune WHL8965 cn”d
Mok area 100755 cn'2
Edge.
Free T
“lf:rr‘“ﬁ“ e
Han-manifold edges a
Elements not oriented "

detai
Eleneat Intersections )
Fully sverlapping elesents 3
Buplicate beans 0

Surface trisngle aspect ratis
HMinimen aspect ratio
Maxinen aspect ratio
Aeerage aspect ratio

Maten
Mateh percentage .
Reciprocal percentage LR

)

I/uoldﬁow

Evaluate the Mesh - Mesh Diagnostics

= Mesh = Mesh Diagnostics
= Displays specific mesh problem
— Aspect ratio

Overlapping, intersecting
elements

Orientation

Connectivity

Free, non-manifold edges
Thickness

— Occurrence number

— Zero area elements
Fusion mesh match info
Others for cooling

I/uoldﬁou/

= Put on Diagnostics layer
— Used for fixing problems
= Restrict to visible entities

w
Tais ook |

T ot
x.-;é.a-&h.s.n.&a

)|

S M Do [

o
Meme

Prareens detracr

S ™ Mo

Opsors

Dy ol

F Plate s n agreoics res
Bt 1y i s

Evaluate the Mesh - Diagnostic Navigator

= Move between entities
identified in the diagnostic

= Automatically displayed
when a diagnostic viewed

= Very handy when cleaning
up mesh

I/uoldﬁow

| Diagnostic Nak:|

M 1|D|H|
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Evaluate the Mesh - Thickness I

= Fusion model thickness
assigned automatically

= Check for accuracy
= |f not correct

— Could be sign of low mesh
density for part

— Element properties can be
manually changed EETTTE—
— Changes should not be

significant

I moldflow o I I

Cleanup the Part I
- once part s
— Meshed ‘ Mesh repair wizard ‘
T
- Evaluated ‘ Mesh statistics, validate repair ‘
= Cleanup can begin | —
i — Mesh diagnostics ‘
- Automatic I
‘ Fix with mesh repair tools ‘
— Manual .
n Verify cleanup ‘ Mesh statistics ‘

I/uoldﬁou/

Cleanup the Part - Mesh Repair Wizard I
= Stitch free edges
= Fill Hole
= Overhang
= Degenerate elements S e
= Flip normals £y iy -
= Fix overlap @ @ i e
= Collapsed faces i__:;f {LK:;’
= Aspect ratio
™t s o m— =1

I/uoldﬁow
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Mesh Repair Wizard - Stitch Free Edges I

= Merge nodes across a free edge less than specified
tolerance

Mesh Repair Wizard - Fill Hole I

= Creates elements to fill a hole shown be free edges

I/uoldﬂow

Mesh Repair Wizard - Overhang I

= Deletes element that has one non-manifold and 2
free edges

I/uoldﬂow’
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Mesh Repair Wizard - Degenerate Elements I

= Merges nodes or inserts then merges to fix elements
below a tolerance

X

I/uoldﬂow

Mesh Repair Wizard - Flip Normals I

= Orients the mesh so all the elements have the correct
orientation

— Blue side facing outward

I/uoldﬁow

Mesh Repair Wizard - Fix Overlap I

= Attempts to correct
- Intersections

= Elements passing through the plane of another
— Overlaps

= Elements occupying the same area

-
5 -
I
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Mesh Repair Wizard - Collapsed faces I

= Red elements are a collapsed face
— Node defining the red element is also used on a

opposite face

I/uoldﬂou/

Mesh Repair Wizard - Aspect Ratio I

= Attempts to fix elements with an aspect ratio higher
than the target

I/uoldﬁou/

Mesh Repair Wizard -3D I

= Inverted elements
= Collapsed elements

= Mesh refinement through thickness

= Edge length ratio e R =5
= Volume ratio o e, Ok hanged ey s s
- o e ) hech.
= Maximum aspect ratio == Moo
P it mivmert Brough hicheeas.
= Minimum angle 7 kst
= :“ﬂ_wd—
between tetra faces o ks
r o Whom el
el Clate Fruh I Hely
I

I/uoldﬂou/
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Using the Mesh Repair Wizard I

= Click
— Show diagnostics

— Use diagnostic navigator to see problems

= Tolerance
— Change if necessary ar PN
— Show diagnostics to see| \I‘/ :: _
change \ ;
= Click Fix or Next to \J/ Mo st
correct
S dagremes U sl El
T I S |
I

Validate Repairs I

= After using the Mesh Repair Wizard
= Check the mesh

= Fusion or Midplane
— Mesh statistics

= 3D
— Run Mesh Repair Wizard again

I/uoldﬁow

Mesh Repair Tools I
= On Tools pane A
£ L AERL WWLITWA &
= In Mesh =» Mesh Tools menu
= Tool [werpewodes 1 5] ]
oo s Ay X Do el
Create elements IR
Mo [
Nodal mesh tools % P s

ok b g o i o ¢
e i

Edge mesh tools

E Global mesh tools

I/uoldﬁou/
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Mesh Repair Tools

= Create elements
— Create triangles
- Create beams
— Create tetras

= Edge mesh tools
— Swap edge
— Stitch edge
~ Fill hole

I/uoldﬁou/

Mesh Repair Tools

= Nodal mesh tools
— Insert Node
— Move Node
— Align Node
— Purge Node
— Match Node
— Merge Node

= Global mesh tools

— Remesh Area

— Smooth Nodes

— Orient Element

— Delete Elements
— Project Mesh

— Global Merge

— Auto Repair

— Fix Aspect Ratio
— Create Regions

— Orient Al
Mesh Repair Tools
Merge Nodes P = _I
* Navigation Fe apet ot o
— Pick tool from s o
. Swap Edge F&
Menu Ha;:; Hodes F7
= Toolbox Remesh Area ]
Inzest Nodes F3
= Toolbars Move Nodes Flo
— Mesh manipulation :T:u";:-:m ﬁ:;
- Customized Fill Hole
. Stitch Fres Edges
— Once picked Regions Fiom Mesh/STL
Smooth Hodes
= Select from combo box Creste Boams
= Use F2-F12 keys e

I/uoldﬁou/

Delete Entitics
Puige Hodes
Create Tetras
Remesh Telias
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Mesh Repair Tools I

= Entity filters
— Any item

= Will select any type of item or a coordinate in space
— Node

= Selects a node by clicking on the node or band selecting

= Default for most tools
— Nearest node

= Selects a node by clicking on an element close to the node
= Clicking directly on the node may not select
= Default for some tools

I/Moldﬁou/

Create Triangles I

= Creates triangles
= 3 nodes selected manually

= By default property of new element inherited from a
neighboring element [Crowe Toair T

~ bpply X Close Help
Input Pasameters

Hode 1 ME2

T

Hode3  [N35

7 it properties from neighbors

I/uoldﬁow

Create Beams I
« Creates one or more beam |/ =]
elements ey X Qe [
. Irput Pasameters
= Pick start and end Stk
coordinate R T e
= Define the beam Seced [Erdcoodnse o

properties before creating Mobosctbowns |1

Sabackion option

Create as: Coldnreme {defad] 81 J

|| Fle Miearest Hode E

I/uoldﬁou/
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Create Tetra I

= Creates tetras
= 4 nodes selected

manually [Create Tetas g |
= By default property of Moy X Cose Help
new element inherited e
from a neighboring P
element Node2 [Secondrade
Mode3 |Thed node
Mods & [FouthHode
I Inherit propesties from neighbors

I/uoldﬂow

Swap Edge I

= Pick two elements that share an edge
= Apply re-meshes the two elements

= Allow remesh of feature edge may need to be on to

work
[swan Edge e ] -
" Apply X Cloae Help
Irpat Pagameters
L Rp— I

Select second angle:
™ Adow remech of fashure adges

Elements selected Swapped 5
Select asngles shaing an edge bo remesh the edge.

I/uoldﬁow

Stitch Free Edges

= Merges nodes within

tolerance
— Must be on free
edge
= Splits elements as [titch Free Edges =]
Necessary
~ tpoy K Close Heip
1 Input Paramsters -

Select  [NSNENTNENINIONTT NIZNI3NT =]
1~ Stitch Tolerance

= Defau
 Specly [0 mm

I/uoldﬁow
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Fill Hole

iy

= Fills a void in model
= Select one node on free

- F“
-

edge A
. K
= Search for remaining '
nodes
| i Hate
< ook X Dlose Hep
Ingud Pasameter:
Select [T HIMBNIESENITHNITE
A sequerce of connecied nodes &t
& boundary 1o 1l veh iangle:
Insert Nodes I
= Creates a node
— Between two existing nodes
- Center of elements
= Splits elements as necessary | ™" n
to keep mesh connected Vi X Om Tl
Ingut Parameters
Creste rew node ot
& Hidpoint of tiangle sdge
1 Cnbes o rianghe.
© Ce .
Hode 1 '7
Haode 2 [—
: —
|

Move Nodes

= Move nodes by
— Click and drag

— Select and enter
= Absolute coordinates

= Relative coordinates

Move Nodes U J

+ ook X Dose Hele

gt Pasamedess
Hoes o v I

== ctor 1o move rodes by

© Sbickse  Belsave
Locste of cooedngtes

Select roder.and mechy offoel [yl

I/uoldﬁou/
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Align Nodes
= Moves one or more
nodes to a line
definition
= Pick 2 nodes to define
the line
= Pick nodes to
move A prostes Fi1 E[_l
o ook X Chowe Help
Irput Pasamebers
mm”mmj
Algresert rode 2 |Nr57
Modes o move: [N377
Purge Nodes I
= Removes any nodes not connected to any element in
the model
|Purne Nodes ZIJ
+ fpply K Close Help
i~ Input Parameters
Remaove nodes not connected o any elements
Match Node I

= Matches nodes on side of the wall to elements on the
other side of the wall

= Used to improve matching after mesh editing

| Match Nodes oo _|

 fpply XK Clse Help

Input Pasameters.

Nodes bo project inko mesh

|Nodes to project =l

Tranghes for riodes bo project bo
|Trangies to project to |

I Put s riodes ino layer I

I/uoldﬂou/
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Merge Nodes I

= Manually merge nodes
= First node picked is the node that remains
= One or more nodes get merged into the first
= Normally Preserve Fusion should be left on
[Mesge Nodes 5 E'J
' begy X Do Help
|~ Ingnit Paiamelers.
Mode to mesge bo: |N1
Modestommgatios [N
[ 3 Mfw
w;mummum
Remesh Area I

= Meshes selected entities with new target length
entered . .

- Steps -:w s T

— Select elements to
change

= Both sides for Fusion

— Change target edge
length

= Do not change radically

= Transitions will not be
good

- Apply

ke T s a1 e o s e, e o
orio e o F e,
Th s s o o o g s " i o

I/uoldﬂow

Smooth Nodes

= Averages nodal
spacing
= Helps with

transitions between L&
fine and course

meshes Before smooth After smooth
[t s |
o apply X Close Help
rnged Py ey
Select nodes Io be incothed

Modes: [HET HEE HIMONIRBNZTNEE ¥

¥ Psgarvs eahae adger

I/uoldﬂow’
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Delete Entities I

= Deletes selected entities

lDeIele Entities HJ
“ Apply XK Close Help
i~ Input Parameters
Entities to delete: [N96 |
Global Merge I

= Merges nodes closer together than tolerance
Preserve Fusion prevents collapse of the wall

thickness
= May need to turn off Preserve Fusion to fix model

= Reports humber
of elements fixed [ Global Merge T

' Apgy X Close Help
Inpust Parameters

Menge tolerance ﬁ mm

[¥ Preseeve Fusion
Wairing: This action vl take & long time on lasge
models,

I/uoldﬁow

Auto Repair I
= Automatically fixes
— Intersections Auto Repair 2 o .
— Overlaps ' Aply X Close Help
= Reports on number Input Passmelers
1 ini Altempt to sutomaticaly " mbersect
fixed and remaining iy et e
problems Lr:mm;wmsmmmwm
[ olillow Plastics insight |
y 56 Inkersections|Overlaps were repaired on the model
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Fix Aspect Ratio I

= Attempts to automatically fix aspect ratio problems
= Reports current maximum and target aspect ratio

= Reports maximum aspect ratio when done

~ Input P.

Cuarent M aximum Aspect Ratio ; 445

Target Maximum Aspect Ratio : |‘ID

I/Moldﬁou/

Create Regions I
= Creates regions on the model
- From
= Existing mesh
= STL model | Regions Fiom Mesh/STL j J
= Use planar tolerance on e 23 D —
- et
predominantly flat parts o . -
“ 1 i ||~
= Use “Angular tolerance” e

A Congdw [T %0 |6 pesh
on predomlnantly Creates regions from mesh elements based on speciied
curved parts toetance and ekt propsches.

Waring Laige tokrance might resul in bad regions ciesie

STL files are created into
regions so local mesh densities
can be defined

I/uoldﬁow

Orient Elements

= Fixes inconsistent orientation
= For Fusion the entire outside

should be blue
= Select elements by

— Directly picking
— Pick seed and
searching

= Flip or align elements

T et ot by e et
[ T ——

[e=]

I/uoldﬁou/
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Verify Cleanup I

= Once mesh cleanup is done
= Fusion / midplane

— Run mesh statistics
= 3D

— Run Mesh Repair Wizard again

| _moldflow

How to Fix Common Problems Manually I

Low match ratio
— Decrease global mesh length, remesh

— Decrease local mesh length
Thickness

— Decrease global mesh length
— Assign or edit properties
= Connectivity

— Stitch free edge
— Global merge

— Merge node

| _moldflow

How to Fix Common Problems Manually I

= Intersections and overlaps
— Auto repair

- Merge
— Delete entities
— Fill hole

= Free or non-manifold edges
— Create nodes

— Merge nodes
— Delete entities

- Fill hole

| _moldflow
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How to Fix Common Problems Manually I

= High aspect ratio elements
— Merge nodes

— Swap edge
- Insert node
— Move node

— Align nodes
= Un-oriented elements

— Orient all
— Orient elements

| _moldflow

When to Quit Fixing the Mesh I

Depends on the analysis sequence

- If going on to cool and warp, the mesh must be good
= All models must have NO

- Intersections
— Overlaps

- Free edges
— Non-manifold edges

— Un-oriented elements
— Zero Area Elements

| _moldflow

When to Quit Fixing the Mesh I

= Fusion & Midplane
- Flow

= Aspect ratio should be < 6:1

= Aspect ratio can be tolerated at high levels in small areas up
to about 20:1

— Cool and warp
= Aspect ratio should be below 6:1 all areas

= 3D

— Aspect ratios of surface mesh can be 30:1 before
conversion to 3D mesh

| _moldflow
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Cleanup Layers I

= Delete all layers used during cleanup
= Move all entities back to their original layer

Dv XEB ¥R

[IDefault Layer

[IGES Swiface
[ INew Modes

FANew Triangles

I/uoldﬁou/

QUESTIONS? I

idd & bt ‘ 1
%\t
%

Practice - Housing I

= Already Meshed
= Has several areas to be cleaned up

= Practice with Mesh Cleanup Tools

I/uoldﬁou/
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Practice - Fusion

= Cover

— Meshed with several different mesh settings to
compare meshes

— Use Mesh Repair Wizard

— Use manual cleanup

L

I/uoldﬂou/

Practice - 3D

= Manifold

— Meshed with several different mesh settings to

compare meshes

— Use Mesh Repair Wizard
— Use manual cleanup

— Converted to 3D
— 3D mesh checked and fixed

&

I/uoldﬁou/

Practice - Optional Models

I/uoldﬁou/

= Snap cover = Dustpan
— With and without radii — Fusion
= Snap cover in various formats - Midplane
~ STL generation
— Step
— Parasolid
- lges = Housing
- Pro-e — MDL options

104
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QUESTIONS? I

Modeling Tools

I/uoldﬁow

Introduction I

= Aim
— Learn about the modeling tools available inside

Synergy
— Learn how to create basic geometry or features in the
model

= Why do it
— Changing the geometry inside MPI will avoid going thru
the complete process of cleaning the imported CAD

= QOverview
— Terminology

- Properties
— Features likely to be modeled within Synergy

I/uoldﬁou/
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Terminology

= Node
- Used in a model to
= Determine a coordinate position in space
= Create curves and regions

= Assign o N
— An injection location o
- A coolant inlet >

- A constraint
- Aload
- In a mesh

= Nodes are the vertices of Midplane, Fusion, and 3D mesh
elements and the ends of beam elements

= Certain analysis results are recorded at mesh nodes

I moldflow

Terminology

= Curve
— A line in three-dimensional space
— Can be straight or contain bends
— Used in a model to create geometries
= Runners
= Gates
= Cooling circuits
= Regions
— MPI supports the following curve types
= Line
— astraight curve defined by two end points
= Arc
— can be an arc or circle
= Spline
— acubic spline interpolation on a supplied set of points

I moldflow

Terminology

= Region (flat surface)
— A planar space defined by a consistent set of curves
— The curves connect but must not intersect

I moldflow

106
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Assigning Properties

= Depending on the type of element selected
— Beam or curve
— Triangle
— Tetras

= The list of properties to assign will be different

I/Moldﬁou/

Properties - Beam Elements

= For curves or beam elements

Baffle
Bubbler
Channel
Cold gate
Cold runner
Cold sprue
Connector
Critical dimension
Hose

Hot gate
Hot runner
Hot sprue
Part beam
Thermal pin

I/uoldﬁou/

Deserghen Ty
1 Coldmrrer [defad{ 81 Cobdmrms [1]
? o ) B

Properties - Triangles

= For triangles
— Cold gate surface (Fusion)
- Cold gate surface (Midplane)

In-mold label
Mold block surface
Mold insert surface

Part insert surface (Fusion)
Part insert surface (Midplane)

Part surface (Fusion)
Part surface (Midplane)
Parting surface

I/uoldﬁou/
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Properties - Tetras

= For tetras:
— Core (3D)

— Hot runner (3D)
— Part (3D)
— Part insert (3D)

I/Moldﬁou/

Features Likely to be Modeled within Synergy I

= Simple beam geometries such as
— Runners

— Gates
— Sprues

— Cooling channels
= Part geometry

— Mostly midplane
— Editing tools are limited compared to CAD

*Beam geometry creation covered in other chapters

I/uoldﬁow

Modeling Menu I
= Create Nodes

= Create Curves B b S

= Create Regions P o ;

= Create Holes '"W:““mwﬂw“’_ -

= Local Coordinate [r— .

System/Modeling Plane

= Move/Copy

I/uoldﬁou/
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Create Nodes I

= By Coordinate
= Between Coordinates

= Divide Curve
= By Offset
Took

= By Intersect (of curves) el

I/Moldﬁou/

Create Curves I

= Line
= Arc by Points

= Arc by Angle
= Spline

= Connect Curves
= Break Curve

I/uoldﬁow

Line - Input Parameters I

= Second coordinate has two options
— Absolute

= Second will be located at the absolute
specified position from First

— Relative

= Second will be located at a relative
distance and direction from First

Secont [SI00 -

I/uoldﬁou/
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Create Regions I

= By Boundary
= By Nodes

= By Ruling
= By Extrusion

= From Mesh/STL

I/Moldﬁou/

Create Holes I

= By Boundary
= By Nodes

I/uoldﬁou/

Filter I
= Helps select a required To— —
model or mesh entity S o or el |

= Snaps to the nearest
instance of the selected

model or mesh entity

= Filter options depend on
the entity dialog box

I/uoldﬁou/
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= Define option creates a new
local coordinate system

= Activate as LCS links the
following actions to be
relative to the LCS

= Activate as modeling plane
makes new geometry to be

Local Coordinate System/Modeling Plane

created in the new XY plane

| siaion

= Coordinates
— First
= Defines the origin of the LCS
— Second
= Defines the X axis in the LCS
— Third

= Defines the XY plane
of the LCS

= Zdirection based on the right
hand rule

I moldflow

Defining a Local Coordinate System (LCS)

Move/Copy

= Translate

= Rotate (around an axis)
= 3 Points Rotate

= Scale

= Reflect (mirror about
XY, YZ, XZ planes)

I/uoldﬁou/

RO NN
£y Trarsiste
*4 potate

Moldflow Plastics Insight, Simulation Fundamentals Training

111



Practice I

= Midplane users
- Speedo
= Finish creating part geometry
= Use LCS and Modeling plane
— Dustpan
= Create entire part with curves
and regions
= Fusion & 3D users
— Speedo
= Use LCS and Modeling plane

I/Moldﬁou/

QUESTIONS? I

Moldflow Magics STL Expert

STL Model Editing & Optimization
Software
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= Aim
— Learn how Moldflow Magics STL Expert can be used to fix &
optimized the original CAD file
= Why do it
— When importing a model inside MPI previously optimized by

Moldflow Magics STL Expert the cleanup time process inside MPI is
reduced

= QOverview

— Program features:
= STL Fix Wizard
= Manual Fixing Tools
= Optimization Tools
= Measurement Tools

— Supported Models

— Licensing & Hardware Support

I/Moldﬁou/

Introduction I

Introducing Moldflow Magics STL Expert I

= View, measure, correct and optimize models in ...
- Stereolithography (STL)

— IGES

— Native and Standard 3D CAD Solid model formats
Convert IGES and 3D CAD Solid models to STL

= Locate errors with STL

= STL Fix Wizard for automated repair

= Manual editing and fixing tools

= Measuring tools

= Optimization tools

I/uoldﬁow

Key Features - STL Fix Wizard I

= STL Fix Wizard
- Calculates number of
occurrences of various
issues
— Suggests the best solution
path to fix issues

= S e % e et
CR R r——

Qo

S oden
adan

ot tm Tonkred ' e b ki P that
o et o ke

v 6 |2 ot

I/uoldﬁou/
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= Manual tools complement
STL Fix Wizard

= Manual tools arranged by
the type of issue

= Coupled with advise for
effective utilization

I/noldﬂou/

Key Features - Manual Fixing Tools

= Triangle Reduction

- Reduce triangle count
without any distorting or
modifying the part
geometry

— Reduce model complexity
and size

— Improves the efficiency of
MPA & MPI analyses

Imoldﬂou/

Key Features - Optimization Tools

= Remesh
— Creates a uniform mesh
— Uniform sized elements
— Fewer large aspect ratio
elements
- Improves success rate of
MPA analyses

I/uoldﬂou/

Key Features - Optimization Tools

Original STL

After Remeshing
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Key Features - Measurement Tools

= Measure
— Thickness
- Distance
— Radius/diameter
- Angle
— Coordinates

= Feature recognition

— Points/lines/arcs/
circles/cylinder

|,no|dﬂ_ou/

Other Key Features

= Advanced editing tools
- Rotate/Translate/Rescale
the model
= Labeling tools
- Label points, part
dimensions, measurements
both on-screen and
hardcopy print
= Clipping/Model sectioning
— View cross-section of the
part
— Dynamically move clipping
planes

I/noldﬂou/

Supported Models

= Standard
- STL
- IGES
— MGX (Materialise compressed STL format)

= Using Moldflow Design Link (MDL)
— Parasolid
- SolidWorks
— Pro/ENGINEER
— CATIA V5
— STEP

|,uo|dﬂou/
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Licensing & Hardware Support I

= Licensing

— Both Node-locked and Network Floating licenses
available

= Supported Hardware
- Intel Pentium/Xeon-based Windows XP/2000

I/Moldﬁou/

Practice Session I

= Overview of Moldflow Magics STL Expert
— Activities designed to familiarize you with the

usage of Moldflow Magics STL Expert

I/uoldﬁow

QUESTIONS? I
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Material Searching

Imoldﬁou/

Introduction

= Aim
— Learn techniques for searching and comparing
materials
= Why do it
— Find specific material to use in an analysis
— Find several materials to evaluate
= Overview

— Search method depends on the information available

I/uoldﬁow

Material Selection

= Commonly used materials
— Last 20 materials used are listed
— Number of materials user definable in Preferences
= Specific Material i
- Lists P
= Manufacturer
= Trade name
— If material known it
can be found in list

I/uoldﬁou/
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Material Searching Techniques I

= Searching can be done on properties stored in the
material database

— Add search fields if necessary

— Enter search criteria
— Review results

- Modify as needed

CoTEE— i

Common Search Fields I

Manufacturer
— Dupont, BASF etc.
Trade name

— Zytel, Capron etc.
Moldflow Viscosity index

— Single point measurement of viscosity
— VI(240)0125
= Tester information

— Moldflow, manufacturer etc.
= Filler data
— Glass fiber, mineral etc.

= CRIMS information
— shrinkage data

I/uoldﬁow

Moldflow Viscosity Index I

= Single point data

— Used for
= Material comparison

= Narrow family list
— Format VI(240)0053

= 240 is melt
temperature

= 0053 is the viscosity in
Pa-S

— Most materials use
different reference

temperatures — o
Fopn Rt Deisie | Gawh Lot
[ 3] oot |

I/uoldﬁou/
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Saving and Loading Searches I

= Searches can be saved
— Use the diskette Icon
— Enter Name

— Will save all fields being used and the values of the
fields

= Saved searches can then be loaded for later use

2ix]
[FERN o scrch iteria R T Y - Y
Samch Fukh Search Criens Hame
e e :
ey Cancel
- sl irvemokd thvess [CRIMS | model ©
Fiber data revonption
Filer st 'Wesght
Review Search Results I
= Column headings = Report button
— Click to sort — Shows testing and quality
— Drag to re-position information
= Columns button = Compare button
~ Add or delete visible — Compares 2 or more
columns selected materials

b ok by a . i et s st e o T Ty e e P

e Sac s i anan darg’

e bt e K ot st AR Th st b s el 1t i sl

i s 4 8 e g
PR AT
i s ot ety o b s o 4 el g e cockg ot e e st L 51
i bt o & s et

i |
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Compare I

.,
i,
s

e —.

tricLAsEn -
Loyt et B v ! e A e e
prieack s sapnilinin g vind L st

— e

s o
Shase Fiate [13)

|,uoldﬂou/

Material Details I

= Click on Details button to see all the data stored for

the material

B L e, ool 14 e et

s aeas ot pecaal e

e

I/uoldﬂow

MPI Data Requirements by Analysis Type I

Fracessing temperanires,
Ejection Temperanire

[ T

LT L] Bsess

(15 TOp—S
[ T Epp—

[ ot requised. rat whad by woeens [ indormation onty]

Aunctions of adomation bekt

Tharmal Canductiin fingle s [

Thimal C y

salid damsity from gyl

I/uoldﬂow
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Practice I

= Find material with known
— Manufacturer

— Trade name
= Find PC

- Use search
— Add search fields to narrow search

= Use Moldflow viscosity index to limit search
= Plot viscosity

= Review material report

I/Moldﬁou/

QUESTIONS? I

Gate Placement
r

g

Design Considerations and Analysis

I/uoldﬁou/
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Introduction

= Aim

= Why do it
part quality

= QOverview

— Review results

I moldflow

— Review gate placement guidelines
— Run a gate location analysis

— Gate location can be very a critical factor in overall

— Look at gate locations and influence on filling
- Run a gate location analysis

= Place gates to achieve
filling that is
- Balanced
- Unidirectional
= Place gates
— In thicker areas
— Far from thin areas
— Against a wall to prevent
jetting
— To prevent weld lines from
forming
= In weak regions of the part
= Where they will be visible
— To prevent gas traps

I moldflow

Guidelines for Gate Placement

= Add gates to
- Reduce fill pressure
— Prevent overpacking

= Gate placement depends

on

— Type of tool - 2 or 3 Plate
— Runners - Hot or Cold

— Gate Type - Edge or Sub

- Tooling or Functional
restriction

= Very balanced fill

~ Unidirectional orientation,
possible packing variation

= Mostly balanced fill
— Radial orientation, possible
warpage due to orientation

= Mostly balanced fill
- Radial orientation,Large weld
line formed at near EOF

= Unbalanced fill
— Weld line forms early, Radial
orientation

I moldflow

Place Gate to Achieve Balanced Filling

®]
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Gate in Thicker Areas I

= Helps pack the
thicker area better

= Generally lowers
pressure to fill the part

Volkareaine: Shankige 8 epeton
= 13.15/%]
%

1315

290
ses [

The thick area is 5 3400

mm the thin is 2 mm
Both parts are scaled
to the same range

01500

I/uoldﬂou/

Gate Far From Thin Areas I

= With significant changes in wall thickness
— Avoid gating close to thin areas

= Polymers favor the path of least resistance
— Difficult to filling the thin feature

- Ifatall

Gate far from rib

Gate near rib short shot

I/uoldﬁou/

Place Gates to Achieve Unidirectional Filling I

= Place gates to achieve unidirectional flow
= Molecular orientation consistent across the part

— Reducing warpage o — S—
= Best for long narrow parts -""—:'-"L_.. —]

= Possible disadvantages
— Non-uniform packing

— Higher fill pressures AR B e
)

I/uoldﬂou/
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Add Gates to Reduce Pressure I

= With long flow lengths
— Fill pressures may be

too high
= Add gates

— Maintaining balance
— Shorter flow length

— To reduce pressure

I/uoldﬂou/

Prevent Overpacking by Adding Gates I

Center gate, overpacked rib

= Center gate over packs
center rib

= Two gates prevents
center rib over pack

= Volumetric shrinkage

Two gates, more

more uniform
uniform packing " =
4 5619

I/uoldﬁou/

Gate Location Analysis I

= Analysis considers
— Processability

= s it possible to produce a part at this location
— Minimum Pressure

= Produces lower shear rate and shear stress levels
— Geometric Resistance
= Where would gating not cause overpacking

— Thickness
= s it possible to pack the part effectively at this location?

I/uoldﬂou/
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Gate Location Process Settings I

= Normally the default process settings can be used
= Optional settings include

— Molding machine
— Advanced options

= Maximum injection pressure

= Maximum clamp force gemrerrrrre—r—— 11

e ke
L DR
S
ot e = -

bt

(] e | = |

I/uoldﬂou/

Looking at the Results I

= Analysis is a one + one technique
— If no gate is specified
= The best single gate is determined

— With a gate(s) specified
= Next best location determined

Bt gate focaton
= 1000

I/uoldﬁou/

Looking at the Results I

= Screen Output file or Results Summary

— Maximum clamp force
— Maximum injection pressure

— Recommended gate location at node number

Copyright Moldflow Corporation and its worldwide subsidiaries. All rights reserved.
Gate Location Analysis

Version: mpi600 (Build 05512)
Analysis running on host: MF-JAY
Operating System: Windows XP Service Pack 2

Processor type: Genuinelntel x86 Family 15 Model 2 Stepping 9 ~3192 MHz
Number of Processors:

2
Total Physical Memory: 1022 MBytes

Maximum design clamp force =
Maximum design injection pressure =

5600.18 tonne

144.00 MPa
Recommended gate location(s) are:
Near node = 1845
Execution tine
Analysis commenced at Sun Jan 15 10:15:14 2006
Analysis completed at Sun Jan 15 10:16:04 2006
CPU time used 48.17 s

I/uoldﬂou/
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Setting a Gate Location Based on Results

Recommended gate location(s) are:
Near node

= In Log find Gate node

= 1845 |

= Query Entities
— Ctrl+Q or Modeling ®Query Entities

— Enter Nnode number Pt R
o K Coom
« N1845 o -
— Place on a diagnostics layer e foe

= Display queried entities layer
— Toggle other layers on and off as needed &
= Click the injection locations icon
= Select the node
- Create Copy if prompted

I/uoldﬂou/

Setting a Gate Location Based on Results

= Open second window of the
part

= Arrange windows

= Lock Views

= Use gate location results as
guide for setting gate location

— Scale or query results if
necessary

I/uoldﬂou/

= Non-Newtonian
= Non-lsothermal

Gate Location Validation - Fast Fill Analysis I

= |Incompressible
= Results

— Fill time

— Pressures

iy |
|

— Temperature
— Time to Freeze

— Air trap - Weld
lines

I/uoldﬁou/
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Practice - Cover I

= Design Criteria
- Material

= BASF, Capron 8333GHS
— 2-plate tool
- Cold runners

— Tunnel gates
— Gate limited to side walls

I/uoldﬂou/

Optional Models I

= Paper holder
— Use Material Lanxess Lustran SAN 29
— 2-plate tool with a cold runner system

= Phone
— Use Material Bayer MaterialScience Bayblend FR 2000

- 2-plate tool with a hot runner system
= Door panel

— Use Material Lanxess Novodur P2MC
— Restricted to only edge gates
— 2-plate tool

I/uoldﬁou/

Cover Results I

= With the restriction of using tunnel gates

— Best achievable gate location is on the side
= With a fiber-filled material

— This location may cause significant orientation
problems

Best gate location

Best achievable gate location

I/uoldﬁou/
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Paper Holder

= Best gate location
controlled by thick
areas

= Center of bottom
— Practical

— High on best
location scale

I/uoldﬂou/

Phone

= Will depend on
— Gate blush

= Best location probably not practical
= Edge of large window possibly better

— Post mold decoration

Door Panel

= Must be edge gates
= Best starting place

— Along the bottom edge
— Between the best gate locations

Bas gate location
=1.000

|
Best

Worst
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QUESTIONS? I

H‘ ) 4idt | f
=

Molding Window Analysis

e {melding wdew) 20 Shes Plet

i g = 5]

M0

Introduction I

= Aim
- Find optimum molding conditions and wide processing window

= Why do it
— Optimum molding conditions a good start for FEA analysis

— Wide processing window creates a stable process

= Qverview

— Set up analysis based on machine and general guidelines
— Review results to find good molding conditions

I/uoldﬁow
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Molding Window Benefits I

= Look at the “Big Picture” of molding a part
= Very quick to run

— Normally ~minute
= Gives good starting

point for further analysis

What Questions Can Be Investigated? I

= Will the part fill?
— Is pressure low enough?

= What is the number and basic position of gates?
— Add gates to reduce the pressure
= How big is the molding window?

— Small window indicates the part will be difficult to produce
= What material will work best?

— What material is easier to fill
— Size of molding window
= Can the part wall thickness be changed?

— How thin can you go?
= What is the part’s cooling time

I/uoldﬁou/

Analysis Inputs Required I

= Midplane or Fusion model
— Cavity-based analysis

— No runners
= Analysis sequence - Molding Window

= Injection location
= Material

1%

= Process settings

I/uoldﬁou/
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Running a Molding Window Analysis
—

‘Set molding machine
pressure limit

View Quality plot and find good conditions
fold, Melt, Injection

In Advanced Options set.
Feasible window
Pressure factor 10 0.8
Preferred window
Pressure factor 10 0.5
Temperature drop 20°C
Temperature drop 2°C

View 2D zone plot with cut axis at optimum
mold temperature. Ensure optimur
condiions are near the middle of the window.

View Pressure plot at good conditions,
ensure pressure low enough

View Temperature plot at good cond|
find where temperature is -0°C, -

Run Analysis

tions,

10°C, -20°C
from melt temp. Decide on injection time

Find Recommended
conditions in Screen Output View Shear Stress plot o ensure the stress
is below the material lmit

Are
Recommended
conditions good?

View remaining plots to ensure good
conditions

Process Settings

= Injection molding machine
= Process parameters
— Mold temperature
— Melt temperature
- Injection Time
= Advanced options

I/uoldﬁow

Injection Molding Machine

machine
— Default 180 MPa i

= Set maximum machine injection pressure to limit of

2ix|
Dasirpter | trgsosor v bk Uit | Clamgirg v |
(26,100 psi) r—— T
- If the capacity is not ~ fmee= e
known use 140 MPa
(20,300 psi)
P [T o kg et .
= [ o
| _moldflow
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Process Parameters I

Default value Automatic
— Temperature range defined in material database

— Injection time defined by analysis
= Normally defaults used

Setting ranges best if comparing materials
— Normally run defaults ==
then determine ranges |

= [ |

I/uoldﬁow

Advanced Options I

= Define how molding window calculated
— Feasible molding window limits

— Preferred molding window limits

Advanced Options - Change Default Settings I

= Feasible window
— Pressure factor to 0.8

= Default 1.0, 100% of machine capacity
= Preferred window
— Pressure factor to 0.5

= Default 0.8
— Flow front temp drop limit to 20°C (36°F)

— Flow front temp rise limit to 2°C (4°F)
= Changes will only affect the Zone plot

I/uoldﬁow
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Molding Window Analysis Interpretation

— Injection pressure

- Minimum flow front temperature
— Maximum shear stress -
— Maximum cooling time

— Maximum shear rate

I moldflow

Recommended Mold Temperature H 90.00 C
. Recommended Me!t Tgmper?lure 290.45 C
- Log flleS Recommended Injection Time B 0.4384 s
= Zone plots i
— 2D Slice i
= XY Graphs : -p.;_‘ a—
. T |
— Quality !

General Interpretation Procedure
Look at how processing conditions influence the results
1. Screen output log file
— Look at recommended conditions
2. Quality XY plot
— Set X axis to Injection time
— Set mold and melt to recommended

— Decide to
= Keep recommended
= Determine alternative conditions

3. 2D Zone plot
— Determine size of molding window
— Find where processing conditions are in the window

I moldflow

General Interpretation Procedure

4. Injection pressure XY
— Set X axis to Injection time
— Set mold and melt to conditions from Quality plot
— Check if pressure is too high
5. Minimum flow front temperature
— Set X axis to Injection time
— Set mold and melt to conditions from Quality plot

— Determine injection time for temperature drops from
melt temperature
= 0°C, 10°C (18°F) & 20°C (36°F)

— Decide on injection time to use

I moldflow
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General Interpretation Procedure

6. Shear Stress
— Look at it compared to the limit for the material

7. Check remaining plots for problems
- Cooling time
= Look how cooling time changes with change in mold
temperature
— Shear rate
= Ensure shear rate is not too high
= Should never be a problem

I/Moldﬁou/

Screen Output log File

= Review

— Recommended atch data vas computed using the naxinal-sphere algorithn
80.0

Nold temperature range to analyze

molding conditions | & Eer: s
— Compare to ) ) = e m:D
temperature 1?#2&;'22.‘;2?{“2?;’%?“2&::%.e polding window “:ﬁ
ranges analyzed i oo e e (R ore
) D Tt (i e B
— Becomes basis for : o
viewing results g

7000.22

tonne

Maxinun Design Injection Pressure  : 140.00 WPa
Recommended Wold Terperature 90.00 C
Recommended Melt Temperature - 20045 ¢
Reconnended Injection Tire - 0.4384 s
Execution tine
Analysis comenced at Tue Jan 17 17:46:00 2006
Analysis conpleted at Tue Jan 17 17:46:04 2006
CPU time used 3.08 s

I/uoldﬁow

2D Zone Plot

= Defines the size of the molding window

— Size determined by
= Machine pressure limit
= Advanced options settings

Want large green area s
Query will indicate E e
values at pick location

I/uoldﬁou/

= Set cut axis to mold temperat ==~ st
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Quality Plot

Set X axis to time in result properties
Set mold and melt to recommended

Decide if recommended conditions are practical
— In middle of the range?

— Move mold and melt sliders to see effect on aualitv
— Pick mold and melt to use |

— Query max quality for time

Injection Pressure

= Set X-axis to injection time
= Make sure pressure not too high

— Design limit should be 70 MPa (10,000 psi) or about 50%
of machine limit

— Check at specific
conditions by query

= Pick on curve to find
injection time

| _moldflow

= Set X-axis to injection time
= Query to find 0°C, 10°C (18°F) & 20°C (36°F)
temp drops from melt temperature
- Represents good window
— 0° represents the fastest time
— 10°C (18°F) the middle
— 20°C (36°F) the end

| _moldflow
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Shear Stress

= Set X-axis to injection time
= Make sure shear stress not too high

— Should be well below -
limit in material DB ]|

B
Inpaction temels]

I/uoldﬁou/

Check Remaining Plots

design limit in the database

= Check to make sure no problems are present
— In particular make sure the shear stress is below the

Use to Investigate Number of Gates

= Use Molding Window analysis to quickly check out if
multiple gates will help lower the pressure

= Try different

7 P Vs Number of
gate locations 200 ressure Vs Number of gates
~—0One Gate  ——Multiple gates A

S

\
160
140 "\

e

Injection Pressure [MPa]

CN—
N

[ 5 10
Fill Time [Sec]

15 0
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Different Materials

materials will perform

= Use the Molding Window analysis to see how different

I/Moldﬁou/

Pressure Vs Grades of ABS
® 200
—— Orig Mat ——Different Mat
g_ 180 =
2 160 1 -/7
3
E 140 vaéL
a 120
c /
S 100
= /
gow ‘\.,_,_.-/
£ &
o 5 10 16 20
Fill Time [Sec]

= Investigate how pressures
wall thickness

quick test

Injection Pressure [MPa]

Proposed Wall Thickness Change

change with changes in

— Wall thickness property changed in Synergy for the

Pressure Vs Wall Thickness

00
= Orig th 3.0 mm
160 || —Fropossdt3smm
160
b ——
120 \ _——_
o \ _/_,_.-""
80 = = = |
0 5 10 15 20
Fill Time [Sec]

I/uoldﬁow

Compare Cooling Times

= See the effect of mold temperature on cooling times
= Also comparing two different materials

Cooling time Vs Mold Temperature

60
i ~——Original Mat ——Different Mat
2 so
& /
@
é 30 _.//
g L ——
% 20 e
8
0

50 60 T0 80

Mold Temperature [*C]

I/uoldﬁou/
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Summary

— Original design will not work

= Zone plots of the different examples

— Adding gates has small
window

— Increased thickness has
larger window

— Lower viscosity can fill
the part

Injection Time [Sec]

single Gate Original Design

g

Thickness increased

—_—

e

Mold temperature = 60°C

Melt temperature = [°C]

Multiple gates

Lower viscosity material

Not
Feasible

Feasible

Preferred I

I/uoldﬂou/

Practice

= Material

— Use BASF, Capron 8333GHS
= Gate locations

— Center gate
= Design Criteria

— 2-plate tool

— Determine optimum
processing conditions
for the given gate
location

I/uoldﬁou/

Practice

= Cell Phone
— Material

= PC+ABS, Bayer material science
Bayblend FR 2000

— Design Criteria

= Door Panel
— Materials
= ABS, Chi Mei, Polylac PA-727
= ABS, Asahi Kasei, Stylac 190F
— Design Criteria

I/uoldﬁou/

= Determine which gate location is best, center or end gate

= Determine which material is going to work best

138

Moldflow Plastics Insight, Simulation Fundamentals Training



Cover I

= Recommended
COndItIOnS Quality ““1 Injection pressure

~ Mold Temp RN -1
= 90°C k

— Melt Temp
= 285°C
— Injection Time

1 Min flow front temp
Optimum
= Limits

= 1.0 Sec
= @~10°C temp
drop

|,uoldﬂou/

Cover I

= Opti mum ) Zure (malding windme) 20 Shice Picl
conditions in st tampristun = G0 00[]
the Zone plot| . Mot Feasible
:: 2390 I
g
< Frasible
Preferrad
mo mad w8 F1] S0
Mal temperature [C)

I/uoldﬂow

Phone I

= Middle Gate 80°C - 270°C - 0.5 Sec
= End Gate 80°C - 270°C - 0.5 Sec

Mold temperature = 80°C
End Gated Center Gated
2000
—_ Not
) bl
8 im Feasible
@
£
E e Feasible
<
=3
=1
=
L oses
£
Preferred
00T
a0 w2 n e ;0 300 e e s sy
Melt temperature = [°C]

I moldflow
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Door Panel I

= Common Processing Conditions 75°C - 257°C - 4.5 sec
= Chi Mei grade pressure 68 MPa

= Asahi grade pressure 47 MPa

Mold temperature = 75°C
Chi Mei material Asahi material
noco 7 1
—_ Not
3 Feasible
R easi
@
E
,; - Feasible
2
B
R !
2 um
Preferred
vooo v - L ! = , = |
T a3 et =38 ;a0 man sars sars [ P
Melt temperature = [°C]

QUESTIONS I

Fiber Filling and Packing
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Introduction
= Aim
results

= Why do it

= QOverview

I moldflow

- Introduce MPI/Fiber, background, running, interpreting

- Critical to use MPI/Fiber when going to Warp and
Stress with a fiber filled material

— Background of fiber analysis is reviewed
— Analysis results are interpreted

What is MPI/Fiber

= Also called
— Fiber analysis
— Fiber flow analysis

composite part

— Shrinkage = ——
- Warpage } ' T
| _moldflow

= Module used to calculate
— Orientation of short fiber fillers in the molded part
— Resulting thermo-mechanical properties of the

= Fiber orientation significantly affects

Running MPI/Fiber

= Need
— License of MPI/Flow
— License of MPI/Fiber
— Fiber filled material

= Can be used with all 3 mesh types

= Qutputs are used in
- MPI/Warp
= (all 3 mesh types)
— MPI/Stress
= (Midplane only)

I moldflow
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Why Run MPI/Fiber I

= Fiber orientation is the main cause of warpage for
fiber filled thermoplastics

Fibers changes the mechanical properties of the
composite

= Fiber orientation varies with
— Flow front shape

— Thickness
— Geometry

= Must optimize fiber orientation to solve warpage
problems

| _moldflow

Why use Fillers I

= Fillers improve the material matrix properties
- Increased stiffness

— Increased strength
— Reduced creep and stress relaxation over time

= Time dependant properties
- Increased upper temperature use limits

— Improved dimensional stability
— Reduced material costs
- Increased electrical and thermal conductivity

| _moldflow

Types of Fillers I

= Reinforcing Fibers
— Glass, carbon, fibrous minerals, boron, kevlar

= Increased flexural stiffness (modulus)
= Increased tensile strength

= Reduced creep and stress relaxation over time
= Increased heat deflection temperature
= Improved dimensional stability (reduced shrinkage)

= Conductive Fillers
— Carbon fiber, graphite, aluminum powders

= Increased electrical conductivity
= Improved thermal conductivity

| _moldflow
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Types of Fillers

= Coupling Agents
— Silanes, titanates
= Improved interface bonding between matrix and fibers
= Flame Retardants
— Chlorine, bromine, phosphorous, metallic salts
= Reduces occurrence and spread of combustion
= Extender Fillers

— Calcium carbonate, silica, clay
= Reduces material cost

| _moldflow

Filler vs. Fiber
= MPI/Fiber is used to analyze fiber filled thermoplastic

materials

= Only fillers with aspect ratio greater than 1 are
analyzed in MPI/Fiber (shape of fiber )

= Aspect ratio

— The ratio of the longest side to the shortest, or length
divided by diameter 1/d n]

— AR < 1, flakes length
— AR =1, cubes or spheres
— AR > 1, fiber like

| _moldflow

Aspect Ratios for Different Fillers

= Aspectratio< 1
— Glass, metal, mica
= Aspect ratio=1
- Talc, minerals
= Typical aspect ratio for fibers = 25
— Average/default aspect ratio for short fiber
- Glass, carbon, kevlar
= Highest aspect ratio allowed = 5.0+E6

- Long fibers are broken up passing through the machine

= A high aspect ratio fiber can be run with the short fiber
assumption

| _moldflow
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Results from MPI/Fiber I

= All standard flow analysis = Tensile Modulus
results — 1st principal direction
= Average Fiber Orientation — 2nd principal direction -
= Fiber Orientation Tensor perpendicular to 1st
= Poisson’s Ratio = Linear Thermal Expansion
Coefficient

= Shear Modulus o o
— 1st principal direction

— 2nd principal direction -

perpendicular to 1st

MPI/Fiber results are symmetrical through the
thickness unless a cooling analysis has been run

I moldflow

General Orientation Ellipsoid I

= Used to describe the fiber orientation
= Graphically defines second order tensor

— A -9 components of the coordinate system or
— B - Eigenvalues and C - Eigenvectors

= Eigenvalues - statistical proportions-0ta1 of ali
= Eigenvalues - principle direction [t = 9.9 I
of fiber orientation N atnan]| 042 0 e ees
. . . puagan]| [0 04,
= For display the 3D ellipsoid A B c
1
— Projected to a plane forming a I e
plane ellipse e, Xy
e
I moldflow’
Orientation Tensor I

= Txx - Magnitude of alignment in global X direction
= Tyy - Magnitude of alignment in global Y direction

= First principal value - magnitude of alignment in direction with
most alignment

T — i
- Default Orientation | Fiber Plot | ==l s=!tomiiesivms smrsiom foe
— Most useful | gjlipsoid Properties e —
Notation | Notation : =

all TXX Lampen R

8% Ty :.- 3 :

33 Ty i

a12 Tx [ Pt . e =i 0

2 T

) Ty —

I moldflow
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Orientation Results

= A - Fibers random in plane of element

= B - Most fibers aligned in X direction

= C - All fibers aligned in X direction

= D - Principal alignment not in X direction

A - Random B C- Aligned D
AN LN -
LS A
et Yy b e
N =
Nl LAl LT

MPI/Fiber Input to Warp and Stress

= Layer based data used as input include
— Fiber orientation
— Mechanical properties
= Elastic modulus
= Shear modulus
= Poisson’s ratio
= Thermal expansion coefficients
— In-cavity residual stress

I moldflow

= Can be exported to other structural analysis packages

Fiber Property Requirements

= Filler type = Thermal properties
= Weight fraction - converted - Specific heat
from - Thermal conductivity
- Weight fraction = Mechanical data
— Fiber density — Elastic modulus
— Composite density — Poisson’s ratio
= Aspect ratio — Coefficient of thermal
= Density expansion

— Shear modulus

I moldflow
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Fiber Properties

Highlight the filler

Click Details to see
the properties

v MELan 0

bt = MCHmm AT
Tl et s

P s - = s
P b s 1 Vo o s
Pe—— 5] et

o | o | |

Material Properties

= Mechanical Properties tab is the composite (polymer + filler)
= Fiber properties are mechanical properties of the filler

= Matrix properties are for the base polymer (no filler)

= Solver uses Fiber properties and Matrix properties

— If Matrix properties don’t exist they are calculated by the flow
solver

ghal (LT

DTN i
[P ————
Elaic sk, 18 el drwcton €11 B wrmeas
Uinsx: sk, Zrcl el drecton 1.3 B e
Prassors 180 4171 o= " pn
S st G2 ]

Mphal IKIIII::::‘_‘
) S| S|
| oidion
MPI/Fiber Assumptions I

= Short fiber analysis

— Long glass fibers are assumed to break in the machine
so they will be “short” when entering the part

= Fibers are evenly distributed throughout the volume
= Fibers align
— Parallel to flow direction in high shear rate areas
- ;Ifransverse or random to flow direction at the center
ine
= Fiber to fiber interaction is considered, C;
= Variation of orientation based on thickness is also
considered, D,

I/uoldﬁou/
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Fiber and Warp I

= Warpage analysis uses fiber results when available
= Warpage results

Deflection, all effects X Component
data ) . Scale Factor= 10.00
Using MPIFiber

]
0.5400
01975 .
04875
X E -0.6300 .
I /“oldﬂow — Not using MPIFiber
Fiber Orientation I

= Fiber orientation is complex
= Two rules of thumb exist

— High shear rate
= Tend to align fibers in the direction of flow
— Stretching flows

= Tend to align fibers in direction of stretching
= A radial flow pattern

fibers are aligned
perpendicular to the
flow

High Shear Rate Stretching Flow

I/uoldﬁou/

Fiber Orientation I

R R E _Mold Wall 1]
Dlrefy

Velocity Profile

Center Line

=)

Direction 1

Thickness -1 075 -05 -025 0 0.25 05 075 1

Layers through the thickness.
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Converging vs. Diverging Flow

A = Entrance: Random Fibers

B = Converging Flow: Flow
aligned Fibers

C = Diverging Flows:
Transverse Alignment

>
«—o—

£«— 0O

I/uoldﬂou/

Other Factors Affecting Orientation

= Part geometry
Processing conditions

— Filling speed - most influence
= Thicker core and thinner skin layers

— Increased aspect ratio and concentration
= Yields increased flow aligned orientation

I/uoldﬁou/

Fiber average aspect ratio and concentration

Running a Fiber Analysis

= Select a polymer material with fiber content
= In the Process Settings Wizard select

= Checked by default
— Optional - Fiber parameters

— Check - Fiber orientation analysis if fiber material

=

148
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Fiber Parameters I

= Calculate fiber interactions using

- Auto-calculated C; and D, values (Default)

= Dz based on average part thickness, C; calculated using D,

— Auto-Calculated D, Specified C;

- Specified C; and D,
= Fiber inlet condition at gate

— Fibers aligned at skin/transverse at core

— Fibers aligned at skin/random at core

CITTSUTDTTTE—— =

okt s ros s g

P riet mtpen 8
[Fem wore s vrvese w e =]
Compette sropety cobaigon e |

7 |

I/uoldﬂou/

Composite Property Calculation Options I

= Information included for research and development
in the fiber code

= Default values appropriate for most conditions
— Not recommended to change

2
PR
Theral expanien cosheerd model Chamberian b s

o ] _cod | e |

I/uoldﬂow

= Tensor Principal values
— First - Default
— Shows alignment in direction
of alignment
= Tensor components
— Alignment based on
coordinate system
CI=TE———

gt | Mot | S | Wi Dby | Dot Sutrgs Tarmar |
1 Torwew g vibem

& IE]
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Reviewing 3D results
= Tensor Principal values
— First - Default
— Range from ~0.33 to 1
3D random = 0.33
In plane random 0.5
Fully aligned 1.0

I/uoldﬁou/

Exercise

= Cover, Fusion model
= Use Capron 8233GHS

Evaluate the current gating
location

= Review results
- Fill time
— Pressure
— Average fiber orientation
— Fiber orientation tensor

= Manifold, 3D model
= Use Capron 8233GHS
= Review results
— Fill time
— Pressure
— Fiber orientation tensor

==

QUESTIONS?
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Results

Interpretation/Customize

Information I

= Aim
— Review types of results available

= How to manipulate and interpret them
= Why do it
— Understanding the results available and how to

manipulate is critical to solving problems
= Overview

— Result
= Types
= Definitions

— Plot properties
— Result manipulation

I/uoldﬁou/

Types of Results I

= Single dataset
— One value for filling or packing

— Animation is minimum to maximum of result unit
= Intermediate Results

— Results recorded through time — -

bt b | | i | | ot |
w S p—
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Result Types

S rad 8

= Intermediate Profiled [—

— Results through the thickness
— Results recorded through time

= XY Plot
— 2D graph of results i | Je-rorr-iel
— Geometry dependant ! B
results e
= Highlight i
= Text file s

I/uoldﬂou/

Single Dataset Results

= Fill time ‘

= Temperature at flow front I

= Pressure at end of fill

= Bulk temperature at end of fill E 3 { n
= Frozen layer fraction at end of fill mm -
= Pressure at V/P switchover Ry

= Grow from
= Sink Index
= Time to freeze

= Volumetric shrinkage
at ejection

I/uoldﬁou/

Intermediate Results

= Pressure

= Average velocity

= Bulk temperature

= Frozen layer fraction
= Shear rate, bulk

= Shear stress at wall
= Volumetric shrinkage

= Average fiber
orientation
(Fiber analysis only)

I/uoldﬂou/
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Profiled Results

= Shear Rate
= Temperature
= Velocity

= Fiber orientation tensor
(fiber flow only)

Fission Element picked

Fusion Matched Element M E =]

Profiled Results - Terminology I

= Triangular elements use Finite Difference methods
— Thickness divided into laminae or laminates
— Profiled results store information on each laminae
— Results on laminae referred to as Normalized Thickness

Triangular Element Beam Element ,,\

iN

XY Plot I

= Clamp force: XY plot

% Show weight: XY Plot
Pressure at injection

location: XY Plot — ———=
= Recommended ram L VAN
speed: XY Plot e ]’
-
/i S
N
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Geometry Dependant Results (Path Plot)

= Any plot can be made into a plot path
= First node picked is the reference
= X-axis can be defined by

— Distance from first entity

— Total length of path
- X, Y, or Z Coordinate

Highlight

= Weld lines
— Customizable

= Air traps

= Clamp force centroid
— At maximum tonnage f -

W s
Torrgaratuss ot fow bost = 262 T]C]
Tompasturs o fow bast|C]

el |
— — e o =18
i
i =02
AN
=0 :
: ¥ ' ¥
=7

Text File

= Screen output
— Analysis startup information
— Inputs to the analysis
— Running status
— Error messages
— Run times
= Results summary
— Similar to Screen output except for running status

— Useful to review to get a sense of how well the
analysis ran

= Analysis check
= Machine setup

I/uoldﬁou/
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Filling phase:  Status: V_= Velocity control
> 'pressure control
V/p= Velocity/pressure switch-over
Tine | Volure] pressure | lamp force|Flow ratelstatus
. OB RO (wpa) 1 (tonne)  I(cn3/s) |
Table showing 0231 208 257 Sa | ezl v
. B olas | 572 .03 02 | st | v
progression of analysis ol6s | 1055 15 2900 | s3] v
0100 | 15.45 4607 G700 | seera| v
113 | 20013 .55 woas | seoe| v
135 | 24.88 51351 aovol| seiez| v
158 | 29050 Sias | geror| seiso| v
181 | 04138 S7ss|  2e0m0 | sesoa| v
203 | 38.08 Glo1| s2tof| sesoa| v
3126 | w367 07| dorss | seras| v
3148 | 48.91 G4zl sozral szl v
2170 | soo01 71| exras| sersi| v
3las | 5763 7sa6 | 7er7e | seses| v
3116 | caioe Teles | mees | sos| v
33 | ce.67 @215 | 100998 | 8401 v
360 | 71,47 8a67 | 111470 | ses8z| v
363 | 78.20 o708 | 122557 | seer0| v
106 | 8104 w086 | 1ssmo7 | s790 | v
4128 | os.66 @234 | 1as750 | serer| v
4351 | 90.30 %638 | imsles | seeor| v
4173 | salss 10020 | 104479 | 598196 | V
47 | i1z 10052 | 196032 | 59584 | we
4105 | o704 9200 | 250126 | 27043 | b
Slis | ss.63 w0 | zeroo| S| b
5524 | 99.02 8026 | sroi4s | Tei| b
Sla1 | 99,39 8026 | zorrei| 14zl b
5l6a | 99,70 B026 | zmizss | seez| b
Slos | 99.68 026 | sreres | sses| b
=56 100,00 026 | zrieas | 47.78 IFitled

I/Moldﬁou/

Result Creation

= New results may need to be created

— XY plots
= Intermediate
= Profiled
= Path plot

- Second copy of
existing results

= Results ®» Create New Plot
= Context menu

— Results icon in
study tasks list

= Results toolbar

I/uoldﬁou/

Properties of the Results

= Results # Plot properties, Context menu, or
= Property categories
— Animation

-
11
=

— Methods

- Scaling

— Mesh Display

— Optional Settings
— Highlight

— XY Properties (1)
— XY Properties (2)

— Deflection

I/uoldﬁou/
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Animation Properties I

= Animate result over
— Depends on the result

— Possible methods
= Single dataset
= Time

= Normalized thickness
= Animate result at

— Depends on the result

— Possible methods
= Time

= Normalized thickness

I/uoldﬁow

Animation Properties I

= Animate result over
— Can limit the range of animation

= Normally Time

— Very useful to limit a Flow result to only fill
= Bulk Temperature is a good example

CEETEEE— ]
Arimation | Mehods | Sealng | Mach Display | Opbors Settie |
Arimate reault ovel
[Tme =] W
i 3o ]

I/uoldﬁou/

Methods Properties I
= Sets the style of display '"::,Wimmb"'hm'
= Normally o R
- Shaded or Contour : ;
= Some results use other Cntns
methods a R o
—— o=F
- Vector
- Tensor

= Contour settinas used in 3D

Shaded Banded

Contour

I/uoldﬁow

156 Moldflow Plastics Insight, Simulation Fundamentals Training



Scaling Properties

= All frames
— All results at each time step scaled to min/max of all

time steps (Frames)

= Per Frame
— Min/max of currently displayed frame

= Specified
— User controlled scale
I r—

— Normally best t0 CheCK | s usus: Sess | s tost| osms s

OFF extended color ==
= Extended color will plot A -
the min or max color if = H d 2l
value out of range ]

I/uoldﬂou/

Mesh Display Properties
e —
* How the model will be | )i miesluesl

displayed £ £ bratn
— In most cases, edge e ,
display is off [P
P  Seld  Tirspaen
= Filling
— Solid, (most common)
— Transparent

— May need to adjust when
overlaying results

Feature lines turned on

I/uoldﬁou/

Optional Settings

= To see elemental results as elements
— Turn off Nodal Averaged
- May need to change

animation setting
CESTEE— i)

= Banded useful to see
. Aresaten | Wethes | Sases | Mash Dinsiny Ot Somegs |
gradients better .
Frea 1 % hodtel wescaged
 Geonsnad thadeg.
Cuttrg plare
L)

Cioken.
T e [T

Pt e

Nodal averaged

I/uoldﬂou/
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Highlight I

CE=TOE———— 3]
Foghtert | soach oo |

= Set the color for the |

highlight S e
* Dataset for weld lines S
7
COErE— un
Tempenis ot = 21
Tomperatarn ot fow Vo]
B -"-.'.‘.
ot ), | T e e
XY Plot Properties(1) I
= Independent variable
— If profiled result, it can be set
1l

= Normalized thickness
01 P Prcpeien 11| i P Poogomtes 1] b Dy |

= Time P - wtm
. . | — (O
= Set axis of independent :
variable

= Position legend
= Define entities to plot

I/uoldﬁou/

XY Plot Properties(2) I

= Scale X & Y axis

— Automatically
CETTEE— i

— Manually 0 Pt Pt 14 Pt P 1 s |
= Titles e

o M
Cuwss [ F m

¥imge
s
e

e
Tl [ wes g L

P e e e ]

| Sy

e e

=]

¥

[0 ) cwos | o =3
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Deflection I

= Color
— Dataset
= Can show any result over deflected shape

- Magnitude/Component mm:F iz
= All effects st Moot | Scahg| Mek Dipley | Dora Sames Disbecson |

Coks.
= Component Damst o de -
- X, Y, ZEtc. |
— Reference coordinate System G T
- e e EC |
— Coordinate system type
o [
= Scale factor C— X rv rz
— Magnitude
T b s e

— Direction to apply scale to

[

[ oo | o | ww |

I/uoldﬂow

Deflection I

Deflection, all effects:¥ Component
Scale Factor = 50 Ii!:l
[mm

Anchor plane and X direction only

I/uoldﬁou/

Scale by Layers I

= Results automatically scale by visible layers

Bk temperature o end of i P Bulk tempetature at end of
=a8(c) = ma8[c]
(] ]
X8 . %48 .
1 a5

!3!6.

s

o M by
e Gl

All part layers on Grill layer off, results scaled by visible layers

I/uoldﬁow
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Overlay

Shome
= Multiple results can be overlaid Delete
Rename
= Procedure Propartes...
— Display one result i
; : Add Report Image.
- Highlight the second result AddRepart Anmaticn
Mk Foe gxport

— Right click and select overlay
— Activate first result if necessary

= Only one result can be shaded

= Mesh Display "
- May need to set to transparent . |
i Iu_

Lighting I

= |n preferences dialog
— On viewer tab

= Shading adjusts color to see depth
= Distorts color from scale
= Maximum shading can make results look vivid and

brilliant - best used on 3D results
Lighing . . . . . . . . . . 1 I

Light shading

Cutting Plane

Slices away part
= Useful to see small

detail inside the part
= Get a sense of the thickness

on a Fusion model
= More than one plane

can be active at one time
= New planes can be created

— The screen is the new plane

I/uoldﬁou/
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Help on Interpretation I

Fill time result

= F1 key
— Ensure the result

window is activated
before pressing F1

that the part is fill

I/uoldﬂou/

QUESTIONS? I

3D Results and Manipulation

I/uoldﬁou/
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3D Result Classifications

= Single Dataset
— One result written
= Intermediate
— Multiple results written
during filling and packing
= XY Plots
— Intermediate results
converted to an 2D graph
— Probe plots 4=

I/Moldﬁou/

Single Dataset Results

= Single Dataset Results
— Fill Time & Ter

— Time to Freeze
— Shear Rate Maximum
= Modifications often used
— Shaded
- Single Contour
— Feature lines & Transparent
— Banded color
— Cutting plane

I/uoldﬁou/

Intermediate Results

= Animated through time

Most results used with a cutting plane
— 2 planes used below

— All plots use the same scale

[ W
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XY Plots I

Intermediate results -J; ;
— Converted to XY plot

— Interior nodes picked by placing
nodes/elements on new layer

= Probe

— Shows results through thickness
= Path plot

— Any result with data shown at
various locations on the part

I/Moldﬁou/

Single Contour I

Contou

= Shows iso-surface 7 e —
— Set specific value Wmber ol cosonre =
= Non-time based

intermediate results
— Animate by
= Time

= Unit of result for single

dataset |
= Example

— Temperature
— Areas above transition

at ~18 seconds

I/uoldﬁow

QUESTIONS? I
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Exercise I

= Pick a part

— Truck Panel - Fusion
— Manifold - 3D

= Review the results

Gate and Runner Desig

I/uoldﬁou/

Introduction I

= Aim

— Review gate types and runner designs

— Learn how to model feed systems and balance runners

= Why do it

— Critical to properly model gates and to balance runner
systems

= Overview

— Review gate designs and how to model

— Learn manual and automatic feed system modeling
— Learn how to balance runners

I/uoldﬂow
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Gate Types I

= Manual Trim = Automatic Trim
— Edge — Submarine
— Tab — Cashew
— Sprue - Pin
— Diaphragm — Hot drop
- Ring - Valve
- Fan
— Flash

I/uoldﬂou/

Edge Gate I

= Most common manual trim gate
Thickness 50% to 75% nominal wall

Typical width - 2 to 4 x the thickness \\

= Can be constant thickness or
tapered

= Modeling
— 2-noded beam

element

— 3 elements
minimum

— 3D Tet’s

I/uoldﬂou/

Tab Gate I

= Gate goes into tab that goes to the part
= Similar to edge gate

= Used to lower shear stress in the part
— Stress stays in the tab
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Sprue Gate I

= Sprue directly into part
= Size at part dependant on sprue orifice size

= Modeled by
— Beam elements

= Midplane
= Fusion
= 3D

— Tet’s
= 3D

I/uoldﬂou/

Diaphragm Gate I

= Used to gate into the inside diameter of round parts
= Normally has thin land at part

= Modeled with shell elements
— Minimum 3 rows across land

Ring Gate I

= Like a diaphragm gate but is for the
outside of the part

= Not recommended
- Difficult to get balanced flow

= Modeled with Part rc:md gate rl]and
shown without
- Beams the runner

— Triangles '

in gate land

I/uoldﬁou/
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Fan Gate

= Wide edge gate
= Sized to achieve a flat flow front
entering the part
= Modeled
— 3D the best
— Midplane
= Combination of beams and tri’s
— Fusion
= Rather thick and chunky
= May be difficult as fusion

I/uoldﬂou/

Flash Gate

= Similar to ring and fan gates
= Designed to have flat flow front entering part
- Difficult to achieve
= Not recommended
= Modeled
— 3D the best
— Midplane

= Combination of beams and
triangles

— Fusion
= Rather thick and chunky

= Must use beams to represent
“runner” portion

I/uoldﬁou/

Submarine Gate

= Tapered round gate that intersects the part below
the parting line

= Nominal orifice diameter 25% to 75% nominal wall
= Should have at least 3 elements defining the gate

Parting line

I/uoldﬁou/
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Cashew Gate I

= Curved tunnel gate
= Difficult to machine

= Possible maintenance problem

I/uoldﬂow

Pin Gate I

= Used in 3 plate molds
= Very small orifice

= Modeled with beams

Nominal arifice diameter 0 25 tn 1 5§ mm

-

Hot Drop I

= Delivers hot material to the
part directly

= Gate geometry and orifice size
dependant on type of hot

drop

= Orifice size can be critical so
the nozzle will not drool

= Modeled by beams

Gate geometry

varies widely
depending on drop
style and usage

I/uoldﬁow
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Hot Drop

= Orifice transition between
— “Hot” runner
— “Cold” runner
= Can set outer heater temperature to a value near the

transition temoerature

= =
Giohe Propestes | adve Cobel | Mskd Progestees |

Croes sexnon s

[Creade =] Shaga s [Towered oy anghe] B = |
Doutes hater u of Mok lerrgmetun ¥

Weatbss riamadt  [10 w2 [0 1000

Dccumence st |1 11:256

Hame [Hot gate bty 51

L | owed || e |

I/uoldﬂow

Valve Gate

Valve pin

= Similar to a hot drop but the gate orifice
is closed by a pin

= Last element in gate assigned valve gate
controller
— Many options for control

= Modeled bv beams

G P |
ot s -
J - 1 | Cooe sl al
N l .uai ;-.imw;‘,.*
b e oty 3
.| Tow = [ . o
- h—rmi
i I e b ] o m | _we |

= Gates should have a minimum of 3 elements across
the gate to accurately predict
— Gate freeze time
— Shear rate
— Pressure

Elements in a Gate I

I/uoldﬁow
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Setting the Cross Section

= Select the elements
= Assign properties

— Choose the type of property
— Set the properties
-0Or...

= Edit properties
— If property type correct

but dimensions _—
must change

e
b et ] w |
| srotdfion
Gate Sizing I

= Gates should be sized using shear rate as a guide to
refine the gate size from nominal values

= Shear rate guidelines are _—

found in the material et b b
database M Mase i $
m,...."“" S
W n 14
el g e g o]
e £ 14
W =) [
AR e 0
L cton megemsee ) [
ﬁ] Ll e
—— - [T —

I/uoldﬁow

Gate Sizing I

= Keep the gate shear rate below the material limit
= |f the gate geometry allows

— Reduce shear rate to about 20,000 1/sec.
= Easy for large gates

— Edge v
- fan . —
— flash
= Difficult for
— Sub-gates :
— hot drops ‘
- Impossible for Before Sizing After Sizing
— Pin gates

I/uoldﬁou/
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QUESTIONS? I

1“" i

Runner Layouts I

= Three common layouts
- Standard, Herringbone

— “H” Pattern, Geometrically balanced
- Radial

teee
ey

I/uoldﬁou/

Runner Cross-Sectional Shapes I

= Best cross-section is full round

= Good substitute is trapezoidal or modified
trapezoidal

— Depth should be equal to round and sides
tangent to circle

Best results

— | _Parting
I Line

Full-Round Trapezoidal Modified Half-Round Rectangular
Runner Runner Trapezoidal Runner Runner

Runner

Moldflow Plastics Insight, Simulation Fundamentals Training 171



Standard Runner Sizing

= Several sources of these values are available
including
— Material Suppliers
— Reference books

= Typically a wide range is given

= Standard sizes for runners are material dependant

Material | Diameter _| . terial [ =
mm inch mm inch
ABS, SAN 5.0-10.03/16-3/8 | |PET 3.0-8.0 |1/8-5/16
Acetal 3.0-10.0| 1/8-3/8 | |Polyethylene 2.0-10.0[1/16-3/8
Acrylic 8.0-10.0 | 5/16 - 3/8 | |Polypropylene 5.0-10.0 | 3/16 - 3/8
Nylon 2.0-10.0| 1/4-3/8 | |Polystyrene 30-10 | 1/8-3/8
Polycarbonate 5.0 -10.0 | 3/16 - 3/8 | [PVC 6.0-16 | 1/4-5/8

I/Moldﬁou/

Runner Sizes

= Dependant on
— Runner length
— Material viscosity
— Pressure requirements of the part
= Without analysis runners are often larger than
needed wasting
- Material
— Cycle time
— Money!!

I/noldﬁow

Branched Runners

= Runners should get smaller from sprue to gate
— On geometrically balanced runners
— Keeps pressure gradient about equal
- Use Dfeed = dbramch X N3
* Dreeq - RUNNeEr closer to sprue
* Dyranch = RUNNer farther from sprue

= N = No of branches

5.04 mm =4 mm x 21/3

I/uoldﬁou/
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Runner Creation

= Create with Wizards
— Cavity Duplication Wizard
— Runner System Wizard
= Manual construction
- Copy
— Create curves
— Create beams

moldflow

I/uoldﬁou/

Cavity Duplication Wizard

= Assumes parts are in the XY plane
= Assign an injection location on the part
= In preview
— Red part is the original
- Yellow dot is the gate
= Define
— Number of cavities by ol
— Number of columns or rows "
- Center to center spacing

Align by gates if not quite
on centerline

Runner System Wizard

I/uoldﬁou/

Creates a balanced runner system
Assumes XY plane is the parting plane
Page 1
— Locate sprue

= Defaults to center of mold
— Confirm type of gates

= Side gates are sub-gates

= Top gates are

— Pin gates (3-plate mold)
- Hot drops

— Check for hot runners
- Set location of parting plane B N

i
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Runner System Wizard I

= Page 2
— Define sprue size

= Standard DME sprue
- 2.38°%included angle
— 1.19° taper angle 2]

— Define runner diameter i ot

s
— Define shape [

= Round / —
= Trapezoidal Pl | O l-_-r1--=-$:
— Define drops for
e
= Top gates — —
= Hot runners he Dbty

I/Moldﬁou/

Runner System Wizard I

= Page 3
— Define gate size

— Gates always round cross section
- Side gates
= Assumes sub-gate

i

T nssateaiatasblal o
{ St s
O ot [T e bk [T d

. N

= |f edge gate
— Setincluded angle to 0 i
- Define length

— Top gates for

= 3-plate tool R Y PRI ey (SN
Larghy [ -
* Hot Drop T
— Always cold
TS B )
Manual Runner Construction I

= Order of construction dependant on the tool layout
= Position cavities so 0, 0, 0 (X,Y,Z) location is at base

of sprue - optional
— Called tool position

= Duplicate cavities
= Construct

— Gate(s)
— Runners
— Sprue

= Create curves then mesh or create beams directly

I/uoldﬁou/
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Adjust the Position of a Part

= 3 Point Rotate
— Copy or move part in
space creating a new
global coordinate

SyStem LgadéLLn!U&A::’-..G*l.\l-.lk'll-
— Move to “Tool Position” [ 2 == il
[
= Translate .

— Move part(s) so 0,0,0 is |
at the base of the

sprue | £
— Copy part(s) to create | —— =
additional cavities 0 — i = == 3
Entity Properties
= Occurrence number -
— Runners [ TR—
— Gates e EER ] [ e |
. Doowmrcemetss [i
- Cavities e e T — 21
* Cross-sectional =~ Fhmvsmesis S=E_ m0H e |
— Shape = —
. i |
- Size
= Runner constraints
— Limits runner sizes during runner balancing
— Gates, and sprues not sized

I/uoldﬁou/

Occurrence Numbers

= Accounts for symmetry
— Within a flow path

— For geometrically balanced tools - one cavity is needed
= Each time runner splits occurrence number doubles

- Sprue=1

- Main =2 Only Red entities modeled
— Secondary = 4 One flow path

- Last runner 1

Part, Gates = 8
= Minimizes cavities
modeled

I/uoldﬁou/
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Occurrence Numbers I

= Non-geometrically balanced have more than one flow
path

— Example below has two
= Occurrence number is determined by the number of

times an entity occurs within a flow path

Red entities are flow 1 4 i1
Blue entities are flow 2

I/Moldﬁou/

Runner Constraints I

= Runner size constraints set for runner balancing

— Fixed - Will not change
— Unconstrained - Can change to anything necessary
— Constrained - Upper and lower limits set

= Default
— Unconstrained

= Gates and sprue are
not sized by

runner balancing
— Only runners sized

I/uoldﬁou/

Feed System Construction I

= Create curves
— First coordinate

Tuks Tom |
X

oo
LG ddh b ERE s

= Typically an existing node
- Second coordinate [aete 7 HE|
= Specified with global or relative

coordinates
= Depends on the situation

— Properties
= Best to set properties as curve is Secent [5G -
created
= Mesh curves 5 Abmatecy s o b sl i e
— L/D ratio ~2.5:1 Pow—
.. [P rep—p—rpe (=]
= Minimum of 3 elements e o

I/uoldﬁou/
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Feed System Construction I

= Create beams
— First coordinate

Tuks Tom |
X

oo
LG ddh b ERE s

T —

= Typically an existing node
— Second coordinate

= Enter in active coordinate system
= Click on an existing node
— Number of beams

= Ensure a L/D ratio of ~2.5:1
= Not recommended for tapered

sections
.. Dot
= Minimum of 3 elements PUSE—— Iz
L Vi wed =

I/Moldﬁou/

QUESTIONS? I

”*‘i | Ty

Runner Balancing I

= Changes the size of runner elements

— Each part/flow path takes about the same
= Pressure to fill
= Time to fill

= Process controlled by
the target pressure

= Creates a new study
with the revised sizes

I/uoldﬁou/
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Why Balance the Runners? I

= Ensure parts will fill evenly (balanced)
= Ensure packing is uniform

= Larger processing window
= Maintain an acceptable pressure magnitude

= Minimize runner volume

| _moldflow

Runner Balance Procedure I

[T opmern ]
ode Funners
Run fill analysis

Determine target pressure

Increase. Decrease,
pressure pressure
Determine New

Target pressure.
Runners Small?.

Run balance analysis
Review results

:

Run fill analysis

Balance
Good?

Revise Runner sizes

| _moldflow

Runner Balance Procedure I

= Optimize fill
— All part optimization issues
= Gate location

= Molding conditions
= Model runners

— Constrained as necessary
= Run fill analysis with runners

— Use flow rate rather than injection time
— Ensures proper fill time for the parts

— Switchover @ 100%

Flow Rate = Tt_)tal _volu_me of the parts
Injection time for the part

| _moldflow
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Runner Balance Procedure

= Determine Target Pressure

— Pressure at the Injection location
= Higher pressure decreases runner size
= Normally start near the maximum pressure

—— P —

Times|

Imoldﬁou/

Runner Balance Procedure

= Runner Balance Analysis

— Based on a fill analysis

= Adds a 2"d page to the Process
Settings wizard

— Target pressure

— Advanced . . . Runner Balance
= Mill tolerance
- Increment of the runner size change
= Maximum iterations
— No. of analyses run at max
= Time Convergence tolerance
- % time difference between first and last cavities to fill
= Pressure Convergence tolerance
— Difference between actual and target pressures

I/uoldﬁow

Runner Balance Procedure

= Review Runner Balance Results

— Two results created @ ol

= Original study
- Screen output file
— Volume Change {E}

= New study
- Contains revised runner sizes
- Has (Runner Balance) appended to the study name
— Has fill analysis results

I/uoldﬁou/
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Runner Balance Procedure I

= Review Results
— Screen Output runner balance iteration table

= Imbalances should go below tolerances

Balance Target Pressure 70.0000 MPa

Mill Tolerance 0.1000 mm

Maximum Iteration Limit 20

Time Convergence Tolerance 5.0000 %
Pressure Convergence Tolerance 5.0000 MPa
Section Convergence Tolerance 0.7000

Iteration Time Imbalance Pressure Imbalance Section Imbalance

(MPa)
[ 21.3837 17.3280 0.6160
1 1.1076 6.2320 0.3364
2 2.6103 5.6440 0.3224
3 1.5539 5.5660 0.3094
4 0.1441 5.7650 0.2930
5 1.7397 4.6430 0.2674

Ideal Balance Complete: Allowing for mill tolerance and pressure control
6 .6430

I moldflow

Runner Balance Procedure I

= Review Results, Volume Change
— Shows runner volume change

= Original to revised
— Negative indicates reduction in volume

— Zero indicates fixed runners

I moldflow

Runner Balance Procedure I

= Review Results, New Study

— (Runner Balance) appended to the study name
= Time balance
— Is the time to fill the cavities close enough?

— Is 5% OK, or should it be tighter?
= Pressure balance
- Is the pressure even between the cavities?

- If not, is it OK anyway?
= Runner sizes
— Are the runner sizes good, too small or big?

- Can they be averaged or rounded to close standard sizes?

I moldflow
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Runner Balance Procedure Review

= Results, Time and Pressure Results
— Time imbalance may be very small
— Pressure may suggest the balance is not close

= Rarelv i the nrecaiire halanced

< 0.02 sec.
Balance 1.7% before fill

I/uoldﬁou/

Runner Balance Procedure

= Review Results, Revised Thickness
— Review revised runner sizes
— Thickness can be rounded

= Too much change will catise a naticeahle halance

I/uoldﬁou/

Runner Balance Procedure

= Review Results, Time to Freeze

— Runner cooling time should not be less than
= 80% of part
= 100% (conservatival

I/uoldﬁou/
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Runner Balance Procedure

= Round runner sizes
— Nearest standard size if close
— Re-run fill to validate final sizes
= Validate Beyond Filling
- Packing
= Volumetric shrinkage should be uniform
— Between cavities
» Indicate the runners are not too small
— Across cavities
» Good packing profile
— Warpage
= Linear dimensions should be similar and within tolerance
= Warp shape/magnitude should be similar

I/Moldﬁou/

QUESTIONS?

m‘. i

Practice

= Modeling practice
— Create 2-cavity layout representing & ~avitiac
= Use given drawing
= Use Cavity Duplication Wizard
= Use occurrence numbers
= Use manual runner creation techniques
— Create 2-cavity box & lid family tool
= Use Runner System Wizard
= Runner Balance
— 2-cavity box & lid family tool
— Preliminary inputs provided

I/uoldﬁou/
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Snap Cover Detail I

— Zero £ oxis

l ~— Toper. Ang
S Orifice dia.

¥
Gate Detail Ly
Snap Cover - Duplicate Cavities I
= Use Cavity Duplication Wizard I I I I
- 8 cavities

— Specified by rows

— Column spacing 75 mm I I I I

— Row spacing 260 mm

— Align gates
= Delete 6 of 8 cavities

= Assign occurrence numbers to cavities

I/uoldﬁou/

Snap Cover - Model Gate I

= Normally created with beams
Create curve
— Gate layer

= Mesh curve
- Place on gate layer

— At least 3 elements
= Pick first coordinate

— Node on part
= Set gate properties
- Size/shape

— Occurrence No.

I/uoldﬁou/
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Snap Cover - Model Runners I

= Create
— Runner layer

— Curve then mesh to get

beams
Tase ot | Taws Fon |
— Beams directly TRl | Fe S

— L/Dratio 2.5:1 t0 3:1 === ] | [ o |
— Minimum 3 elements :

= Set properties
= Create coordinates

— Existing nodes and/or | F s s

— Coordinates in space ] s
Model Sprue I
= Set properties gy

- Use database of standard sizes CrestnnnmNEa
= First Coordinate Ot Ui v

— Top of sprue Sl i) e
= L/D ratio 2.5:1 to 3:1 T =
= Create curve then mesh ey

St [{BE m
T Al cremn s @ end ot of e
R o

QUESTIONS? I

1*"‘ h! idh | i
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Box and Lid Runner System Modeling I

= |nitial study has both parts added
— Used the File ®» Add command

= Runner system Wizard used to create feed system
= Constrain the drops

Gate detail —

I/Moldﬁou/

Box and Lid Runner Balance Analysis I

= Run fill analysis with runner system
— Material Austran SAN23, Huntsman Chemical Co.

— Mold 60°C, melt 225°C, flow rate 56.7 cm”3/sec
— Switchover at 100%, Pack Pressure 100% fill pressure

= Determine target pressure
— Use pressure at injection location: XY plot

= Run the balance analysis
— Use 70 MPa as the target pressure
= Review results

— Time
- Pressure

I/uoldﬁow

QUESTIONS? I

1*“‘ i
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Basic Packing

Introduction I

= Aim
— Learn procedures for running a packing analysis

= Why do it
— Main output of packing is volumetric shrinkage

— Primary importance for shrinkage/warpage, sink marks
= Overview

— When to run packing
— Definitions
— Input parameters

— Running a packing analysis
— Reviewing results

I/uoldﬁou/

When to Run a Packing Analysis I

= Packing is part of flow/part

optimization

Optimize:
Fill

Balance/
size
Runners

= Packing done after
- Filling optimized

= Gate location
= Molding conditions
= All filling issues addresses

— Runners sized/balanced
— Cooling analysis finished

Optimize
Packing
Profile

= Optional but recommended
= Defines tools ability to extract heat

I/uoldﬁou/
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Definitions I

= Packing pressure
— Magnitude of pressure applied after the velocity to

pressure switch-over (V/P switch-over)
= Packing time

— The time pressure is applied after V/P switch-over

Pressure

Time

I/Moldﬁou/

Definitions I

= Hold pressure
— Used interchangeably with packing time

— Also used to define a pressure other than “packing”
— Normally a lower value

Moldflow
Packing

= Hold time
— The time hold pressure is applied

= In process settings wizard

— There is no difference between
packing and holding

Pressure

Time

I/noldﬁow

Definitions I

= Cooling time
— The time the part is held in the mold after pressure is

removed
— Also called cure time

= Specified with a packing analysis if cooling analysis is
not done first

Cooling 1
[speciied ot [ s[0] ‘l

Cooling

Edit ejection criteria...

I/uoldﬁou/
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Packing Inputs

= Packing Profile

— Packing Pressure

I
g
. . > )
- Packing Time Z Block| \rofiled
= Time to get to pressure a
= Cooling Time -
Time
Packing pressure vs lime Packing pressure vs lime
Duration | Packing pressure Duration | Packing pressure
5 [0:300] MPa [0:500] 5 [0:300] MPa [0:500]
0 36 1 36
2 a8 36 2 a8 36
3 0 0 3 1 0
Block Profiled

Packing Pressure

= Typical ranges from 20% to 100% of the fill pressure

— Can be higher or lower
= Good starting point is 80% of fill pressure

= Don’t exceed machine’s clamp tonnage capacity
= Maximum packing pressure based on clamp tonnage

— Defines the hinhect nresaiire that chnnld he used

%IUUxU.S

Maximum packing pressure that should be used

F = Machine clamp force limit (tonnes)

A = Total projected area of the model (cm™2)

100 = Unit conversion

0.8 = Safety factor, use $0% of maching capacty

Packing Time

= Gates must freeze while pressure is applied
= Start with a very long pack time

- Ensures gate freeze

= |n subsequent analyses

— Packing time can be shortened to the time required to

freeze the gates

= Cooling time can be added

— The part should reach the ejection temperature

I/uoldﬁou/
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Running a Packing Analysis

= Select Flow as analysis sequence
— Runs fill and nack tonether

Velocity/Pressure Switchover

= Automatic = By Pressure control point
— Default — Used to define a pressure
_ Switches over when transducer used for
decompression of polymer switchover
would fill the cavity = By injection time
= By %Volume filled = By whichever comes first
— Most common if automatic
not used

= By injection pressure
= By Hydraulic pressure
= By clamp force

By hyckaulc pressure
By clamp foece:

By pesssure corol poit
By ipection tens

By whichever commes fust

I/uoldﬁow

= %Filling pressure vs time acking pressure vs
Hydiaulic pressure vs time:

— Default - use when %M aimum machine pressure vs time
= Not sure what the fill pressure will be
= Clamp tonnage not an issue

= Packing pressure vs time
— Used when the packing pressure is known
Hydraulic pressure vs time

— Intensification ratio * hydraulic pressure = pack
pressure

— Not often used
= %Maximum machine pressure vs time

— Rarely used only used if molding machine uses this
method and need to duplicate a process

I/uoldﬁou/

Methods Pack/Hold Control I
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Midplane and Fusion Results I

= Volumetric shrinkage
— The more uniform the shrinkage the better

— Volumetric shrinkage at ejection most common to use
— Volumetric shrinkage path plot can be useful
= Frozen layer fraction

— Check when the gate freezes
= Gate freezes when the fraction is 1.0
= Gate must be frozen at end of packing

— If not re-run the packing analysis with a longer pack time
= Pressure XY plot
— Check how pressure differs across the part

= Hold Pressure
— Maximum pressure seen in the cavity after switchover

I/uoldﬁow

Volumetric Shrinkage I

= Left
— Shaded

images
— Shrinkage

at ejection
= Right ”

— Path plots

— Animate
through

time

I/uoldﬁou/

Frozen Layer Fraction I

= Determine gate freeze
= Often a judgment when packing no longer effective

i Snap Cover Packing 72 MPa ver Packing 36 MPa

Frozen layer fra Frozen layer fraction
Time = 9.500(s| Tirme = 9.500(s]

1000 e

o750
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Pressure XY

= Determine
— Pressure decay
— Pressure at various locations
= The more uniform the pressure the better

[ Snap Cover Packing 72 MPa

[ Snap Cover Packing 36 Mita

1250
Timela]

Hold Pressure

= Shows maximum pressure after switchover
= Uniform gradients better

[ Snap Cover Packing T2 MPa

Hold pressure Hold pressure
= 61.00{MP3] = 61 00[MPa]
61.00 pm E1.00 g
5175 5175
2o . 25
nS n»s
3-10:. :u.m.
moldflon” Moldflon”
e 111" E— S~ L0 —
Ready Ready

3D Results

= Volumetric shrinkage
— The more uniform the shrinkage the better
— Shown through thickness
— Most variation in the center of the cross section
— Several methods to view shrinkage
= Temperature
— Check when the gate freezes
= Single contour at transition temperature
— Check temperature decay in part
= Pressure XY plot

— Check how pressure differs across the part

I/uoldﬁow
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Volumetric Shrinkage I

= A- Shaded result
with cutting plane

= B- Single contour

with time animation

= C- Single contour

with value range
animation

= D- Probe plot

I/uoldﬁow

Temperature I

it x|

= A- Shaded image
with cutting plane

= B- Single contour

set at transition
temperature

— Animate to find
time when gate
separates from
part (frozen)

I/uoldﬁou/

Pressure XY Plot I

= Determine
— Pressure decay

— Pressure at various locations

i

= The more uniform the pressure the better
PEEEErrTe— .o
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Practice I

= Parts

— Snap cover
= Fusion

— 3 Snap cover
= 3D

— Pick part to analyze
= Procedure

— Run analysis with given conditions
- Interpret results

— Run analysis with pack pressure half the

first analysis
— Compare results

I/uoldﬁow

QUESTIONS? I

Valve Gates
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Valve Gates I

Type of hot runner with a gate that is opened and
closed by a controlled pin

Used to control the filling

— Sequential gating
- No gate vestige

— Packing control
— Balancing

I/uoldﬁow

Modeling Valve Gates I

The “valve gate” is the last element in the ¢
hot drop

The flow channel can be

— Annular if the valve pin passes through the
flow channel

— Circular if the plastic flow path and valve
pin are parallel to each other in the drop
= Some newer styles of valve gates have this type

of flow channel

I/uoldﬁou/

Modeling an Annular Hot Drop I

= Select element(s)

= Cross-section Annular
= Enter outer and inner diameters

— Inner diameter is the pin diameter

194
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Modeling the Valve Gate

= Ensure all elements in the gate are hot

= Ensure only the last element is
assigned a valve gate controller

= Select a new controller for each gate
= Enter a new name for each controller

= Set the initial state
= Set timer properties e

i gt Ve ot [t s |

i

-
ey S — rixil

——

T 5] G badme e ST

I/uoldﬂou/

Valve Gates Control Type - Parameter Matrix I

= Several Combinations of control and Parameters

I/uoldﬂou/

Time

Valve Gates Control Type

Specifies the time from start of injection when the valve
gate state is changed. The state can change several times
during the cycle.

Flow Front

Specifies the gate to open when the flow front in the cavity
reaches the gate. Additional change of state times can be
entered. This is used to set up sequential gating.

Pressure

Specifies the change is state based on a pressure at the gate
or a specified location. Additional change of states based on
pressures can be entered.

%Volume

Specifies the change is state based on a % of part volume
filled. Additional change of states based on volume can be
entered.

Ram Position

Specifies the change is state based on ram displacement.
Additional change of states based on ram displacements can
be entered.

I/uoldﬁou/
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Valve Gates Parameters I

Initial State -| Select this option if the valve gate is initially open and the
Open| first event you will specify is the closing of the valve gate.

Initial State -| Select this option if the valve gate is initially closed and the
Closed| first event you will specify is the opening of the valve gate.

Trigger location -| Select this option if you want the initial opening/closing of

Gate| the valve gate to be triggered by an event at the gate node
associated with the selected valve gate.

Trigger location -| Select this option if you want the initial opening/closing of

Specified| the valve gate to be triggered by an event at a specified
node in the model.

Node No| Specifies the node for the Trigger location.

Delay time| Specifies that the valve gate will be opened at the required
time, in seconds, after the flow front has reached the trigger
location. If you do not want a delay time to apply, enter 0.

I/uoldﬂou/

Practice I

= Tub model
— Design Criteria, Use valve gates to eliminate weld lines

= Use Runner System Wizard to create the runners per
the supplied drawing

= Simulate
— Without valve gates

— With valve gates

I/uoldﬁou/

Tub Runner and Gate Details I

304.0

0.0 s e—————

B

Volve Gote Detall

State: Flow front |

I/uoldﬂou/
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Results I

With Valve Gates

QUESTIONS? I

i} ‘ | : i
e

Flow Leaders and Deflectors

I/uoldﬂow’
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Flow Leaders and Deflectors

= Subtle changes in nominal wall thickness
— Designed to control the flow front
= Flow leaders
— Thicker parts of the cavity
- Increases the flow front velocity
- Yellow arrow

— Thinner parts of the cavity
— Decreased flow front velocity
— Red arrow

I/uoldﬁou/

= Flow deflectors -t \

Why Use Flow Leaders and Deflectors

= Balance flows
= Move weld lines

Advantages and Disadvantages

= Flow Leader
— Advantages
= Reduce shear stress
= After tool is cut flow leader can be added by removing steel
— Disadvantages
= Add material volume
= Possible increase in cycle time
= Flow Deflector
— Advantage
= Reduce material volume
- Disadvantage
= Possible reduction in structural integrity

I/uoldﬁou/
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Thickness Changes I

= Leaders/deflectors thickness changes
— Should be less than a 25% change from nominal wall

= Thickness transition
- Should be smooth and gradual

— Reality midplane is a step
— Fusion & 3D can model a bevel transition

I/uoldﬂow

Setting the Thickness

= Midplane

— Easy to change the thickness
property

of selected elements
= Fusion
— Can set thickness like midplane

— Can only use for flow to test flow
leader/deflector

— Must re-translate with revised

thicknesses if going on to cool and
warp

= 3D

— Test as Fusion model if possible
— Otherwise must re-translate

I/uoldﬁou/

Model Preparation I

= Use layers to set up flow leader/deflector
— Select elements whose thickness is to be changed

— Assign them to a new layer
— Rename the layer

= Possibly align nodes to create a smooth transition

EEEES

TS Sutwa