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About this manual

The Simulations Fundamentals, Theory and Concepts manual is designed with the new
Moldflow user in mind. In creating this manual, our goal was to introduce you to some
basic plastic flow and design principles and concepts related to translate, analyze and
interpret models.

There is a significant amount of information in this manual, more information than can
be absorbed during the class. This manual should be useful as a handy desk reference
when back in the office.

Using this manual

This manual is separated into several chapters and appendices. Each of the chapters
covers a specific topic and includes the following sections:

Aim
Describes the learning objectives of the chapter.

Why Do It

Obutlines the reasons for following the prescribed guidance, suggestions, and
methodology within the chapter.

Overview

A complete outline of what will be covered within the chapter.

Theory and concepts

Theory and concepts discusses background information on the subject matter of the
chapter. This is designed to give the user detailed background information so the practice
section can have better meaning. This manual is to be used in conjunction with the
Simulation Fundamentals Practices manual.

What you’ve learned

A review of what was covered in the chapter.
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CHAPTER 1

Injection Molding
Overview

Aim

The aim of this chapter is to review of the injection molding process, flow behavior of
thermoplastics in injection molds.

Why do it

Understanding the background of the injection molding process, basic flow behavior of
thermoplastics, is critical if the best use of MPI is to be achieved.

Injection Molding Overview 1
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Theory and Concepts - Injection
Molding Overview

Injection molding

Injection molding is a manufacturing process for making complex shapes from polymeric
materials. The process involves heating up the polymer, injecting the molten polymer
into a mold, cooling the polymer in the mold, and ejecting the part. There are hundreds
of variables involved with the injection molding process. These variables can be
categorized into two main groups: machine variables and plastic variables. A machine
variable is a variable that can be set or adjusted on the machine. A plastic variable is a
variable that affects the plastic directly. For example, barrel temperature is a machine
variable, but the actual measured “melt” temperature is a plastic variable. Moldflow
Plastics Insight works primarily with plastic variables. Moldflow Plastics Insight
concentrates on the behavior of the polymer while it is being injected, cooling, and finally
what the shape, or warpage of the part will be when it is ejected from the mold.

Injection molding machine

The injection molding machine has many components. The major ones are listed below:

Hopper

The plastic is put into the machine here in pellet form.

Barrel, Screw

The barrel and screw take the material from the hopper and melt it. This is done primatily
by shear heating (screw rotating) but also by conducting heat from the barrel’s heaters.
The temperature of the melted plastic is the plastic variable called “melt temperature”.
The best method to measure the melt temperature is to purge material from the barrel
into a pile of plastic and place a hand held pyrometer probe in the purge pile and wait for
the temperature to stabilize.

Hydraulic unit

The hydraulic unit provides the pressure that injects the plastic into the mold. The
pressure applied by the oil or hydraulic cylinder is a machine variable. The pressure it
produces on the plastic is the plastic variable, “plastic pressure”. The ratio between
hydraulic and plastic pressure is called the intensification ratio and is normally about 10:1,
but it can be higher.

Clamp unit

The clamp unit holds the injection mold or tool closed while the part is being molded,
and opens the mold to eject the part.

Theory and Concepts - Injection Molding Overview 3



Hopper

Tool in clamp Barrel with Hydraulic
nit screw inside - Unit

Figure 1: Injection molding machine

Injection molding process

The injection molding cycle has 4 major components, as indicated below:

Fill time

The mold is closed at the start of the fill time. The screw moves forward forcing molten
plastic into the mold, which is normally very fast. This part of the process is controlled by
velocity. As the plastic hits the cold mold wall it sticks to the wall and freezes. The plastic
flow channel is located between the frozen layers of polymer. The rate of injection has a
large influence on the thickness of the frozen layer. How the part is filled is the biggest
single influence on the quality of the part, in most cases. Filling is normally the smallest
portion of the molding cycle.

Hold or Pack time

Once the cavity is filled, the injection molding machine continues to apply pressure to the
plastic to pack more material into the mold. This is to compensate for shrinkage as the
plastic continues to cool. This part of the process is controlled by pressure. The switch-

over from velocity control to pressure control occurs just before the part volume has
been filled

Cooling time

There is no longer any pressure applied to the plastic. The part continues to cool and
freeze until it is cool enough to eject and hold its shape. While the part is cooling, the
screw rotates molten plastic for the next cycle
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Mold open time

The mold is opened, the part is ejected, and the mold is closed in preparation for the next
shot.

Injection molding cycle

In a typical injection molding cycle, the cooling time is the largest portion of the cycle,
followed by hold time, mold open time, and finally fill time, as shown in Figure 2. The
cooling time can be over 50% of the cycle time, and the fill time can be around 3% to 5%
of the cycle. The relationship between the variables is dependent on the part, material,
and machine.

Filling
Packing

Cooling
Mold Open

Figure 2: Typical injection molding cycle

Injection mold

The injection mold has two major components: the fixed half and moving half, although
other synonyms are used, see Figure 3. For example, the fixed half can also be called the:

e A half

e Stationary half.

e Cavity.

e Cover.

The moving half can also be called the:
e B-half.

e  Moving half.

o Core.

Theory and Concepts - Injection Molding Overview 5



Moving half Stationary half

Figure 3: Injection mold

Injection Pressure

Pressure is the driving force that overcomes the resistance of polymer melt, pushing the
polymer to fill and pack the mold cavity. If you place a number of pressure sensors along
the flow path of the polymer melt, the pressure distribution in the polymer melt can be
obtained, as schematically illustrated in Figure 4 below.

Pressure —

[ k-
| Ghte
Sprue  Runner Part .
0 50 100 150
Flow Length ——p

Figure 4: Pressure decreases along the delivery system and the cavity.

Pressure drives the flow front

The polymer flow front travels from areas of high pressure to areas of low pressure,
analogous to water flowing from higher elevations to lower elevations. During the
injection stage, high pressure builds up at the injection nozzle to overcome the flow
resistance of the polymer melt. The pressure decreases along the flow length towards the
polymer flow front, where the pressure reaches the atmospheric pressure if the cavity is
vented. Broadly speaking, the pressure drop increases with the flow resistance of the
melt, which in turn, is a function of the geometry and melt viscosity. The polymer’s
viscosity is often defined with a melt flow index. However, it is not a good measure of the
material’s behavior during the filling phase. As the flow length increases, the polymer
entrance pressure increases to maintain a desirable injection flow rate.
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Factors that influence injection pressure requirements

The following diagrams illustrate the design and processing factors that influence
injection pressure.

Table 1: Factors influencing injection pressure

Factor Variable Higher injection pressure  Lower injection pressure
required required

Part Design  Part Thick part
thickness
Part surface More Wall Cooling Less Wall Cooling
area and Drag Force and Drag Force
Flow Length Long flow length Short flow length

Feed Gate Size Restrictive Gate Generous Gate

System

Design -'E:: — F
Runner Runner Diameter Runner Diameter
Diameter Too Small or Large Optimized

|

Processing  Mold Colder Coolant Hotter Coolant

Conditions  Temperature Temperature _ Temperature
Melt Colder Melt Hotter Melt
Temperature Temperature Temperature

=
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Table 1: Factors influencing injection pressure

Factor Variable Higher injection pressure  Lower injection pressure
required required
Ram speed Improper Ram Speed Optimized Ram Speed
(Injection
" 2 %
Materigl Melt flow TL.ow Index Material High Index Material
Selection index

;

The phases of molding look at the injection molding cycle from a plastic molecule point
of view, as indicated below:

Flow behavior

Phases of molding

Filling phase

As plastic enters the mold, it fills the mold with a controlled velocity. This phase
constitutes most of the ram’s distance moved during the cycle, as shown in Figure 5. The
filling phase ends when the volume of the cavity is just filled. While filling, the material
enters the cavity, sticks to the mold wall and freezes. The polymer then fills the part in a
fountain flow fashion, at which point a significant amount of shear heat can develop.

Pressurization phase

Once the cavity is filled, the machine ram continues to move forward under pressure
control. The ram may continue to move forward for some time based on the
compressibility of the plastic. The pressurization phase ends when the maximum
pressure occurs, which is at the end of fill. The flow of the polymer is very similar to the
filling phase except in regions where the frozen layer is growing rapidly and the flow rate
is significantly lower.

Compensation phase

The machine ram, which is controlled by pressure, will continue to move forward. Extra
polymer is forced into the mold to compensate for the large volume change that occurs
between the molten state of the polymer at the melt temperature, and its solid state at
room temperature. Flow in the compensation phase can be very unstable due to
temperature instability. This can lead to highly oriented areas in the part, possibly causing
warpage.
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Filling Phase

-1 |-—— Pressurization Phase

—| |<— Compensation Phase

Figure 5: Phases of Injection molding

Fountain flow

Fountain flow describes how the plastic fills the mold. The plastic in the center of the

cross section is moving at the highest velocity. When a molecule in the center of the cross
section gets to the flow front, it follows the flow front to the mold wall, sticks to it, cools,
and forms a frozen layer, see Figure 6. The first molecules injected into the part form the
outermost layer of the part, while the later molecules form the center or core of the part.

MPI assumes that the entire filling process is by fountain flow. There may be a short
period of time, near poorly designed gates, where fountain flow does not occur. This
cannot be analyzed with midplane, Fusion or 3D analysis methods.

F

Figure 6: Fountain flow

Cross-sectional flow & molecular orientation

During filling, there is a significant variation in molecular orientation, shear stress, and
shear rate distributions through the cross-section of the part. Shear rate is defined as how
fast one molecule is sliding past another, or the difference in velocity over distance,
measured in units of 1/sec. and called reciprocal seconds. Shear stress is force over an
area with units of MPa or psi. While filling the part in a fountain flow fashion, the
molecules in the center of the cross section are moving at a high, but relatively uniform,
velocity, as shown in Figure 7. Therefore, the shear rate is low and there is very little
shearing tensile force on the molecules. Near the frozen layer, the velocity is low, and
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there is a significant velocity gradient or high shear rate. This creates high shear stress on
the molecules, which will stretch or align the molecules in the direction of flow. The
curve shown in Figure 8 represents the shear rate in the cross-section. The shear rate is 0
1/sec. in the frozen layer, has a maximum value just inside the layer, and 0 1/sec. in the
center of the cross section again.

Figure 7: Cross-sectional velocity

Shear rate -min min

Figure 8: Shear rate through the cross-section

Cross-sectional heat transfer

Due to the high shear rate that occurs just inside the frozen layer, there is a significant
amount of heat buildup within the cross section. The center of the flow channel brings
fresh hot material from the barrel of the machine. The mold temperature is relatively cold
compared to the plastic. When the plastic flows into the mold and hits the mold wall, it
sticks, cools, and freezes (see Figure 9). The thickness of the frozen layer stabilizes
quickly as long as the flow rate is constant. During filling, most of the heat transfer is
from the high shear rate zone just inside the frozen layer to the mold. While the part is
filling, the amount of heat extracted into the mold should ideally be equal to the heat
generated by shear. Under these conditions, the bulk of the cross section is at a very
uniform temperature, which helps promote packing. Temperature uniformity during
filling is therefore a primary design guideline when using MPI.
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Hot Plastic Melt Cold Mold
. High
Plastic Shear
Flow Heat Rate
Input
T

Frozen Layer —p-

Figure 9: Heat transfer in the cross-section

Injection rate vs. frozen layer thickness

The injection rate has a significant effect on the thickness of the frozen layer during
filling. While the part is filling, the amount of shear heat generated is dependent on the fill
rate. The higher the fill rate or the shorter the fill time, the more shear heat will be
generated and the thinner the frozen layer will be. The slower the injection rate, the
thicker the frozen layer. As the frozen layer gets thicker, the actual flow channel for the
plastic gets smaller and therefore a higher fill pressure is required for a given flow rate.
The opposite is true when the frozen layer gets thinner, as represented in Figure 10.

Faster
V3. Injection
Rate

Figure 10: Effect of injection rate on frozen layer

Slower
Injection
Rate

The graph in Figure 11 below represents fill times from 0.2 seconds to 20.0 seconds. The
part has a flow length of about 900 mm with a nominal wall thickness of 3.0 mm. The
material is ABS, and the X-axis is the fill time required to fill the part. At very fast fill
times, the pressure to fill is dominated by shear, or the rate of injection. As the fill time
gets longer, the pressure goes down. At a fill time of about 5 seconds, the pressure starts
to rise again because the plastic is loosing temperature and the viscosity of the material is
getting higher. Heat transfer rather than flow dominates the pressure after about 5
seconds. All thermoplastics and all parts exhibit this “U” shape behavior. The shape of
the “U” may change, and the time scale will change, but the pressure vs. time curve will
always exhibit this characteristic “U” shape. The Upper limit is equal to the melt
temperature entering the part, and the lower limit has a 20°C temperature drop in the
part.
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Injection Pressure & Melt Temperature VS Fill Time
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Figure 11: Injection pressure & melt temperature vs. fill time

Pressure-Volume-Temperature (PVT)

PVT data is used to model the compressibility of a material. This information is vital for
packing and also important for the filling of the part(s). The graph below in Figure 12
shows PvT graphs for both amorphous and semi-crystalline materials. For both
amorphous and crystalline materials, the basic trend is the same: as the material cools
down and as the pressure applied gets higher, the specific volume gets lower and the
density gets higher. Even during the filling phase, the melt is compressed while the plastic
is flowing. The difference between the curves is the knee in the curve of the Semi-
Crystalline material. When the crystalline structure forms, there is a rapid reduction of
specific volume (increase in density).

Amorphous material Semi-Crystalline material

oo //” / |
= 7

= / / — P=0MPa]
g0 — — P=50[Pal
gj P=100[MPa]
@85 = P=150[MPal
n — P=200[MF4]
080 T T T T T T T T T T T T |

0 50 100 150 200 250 300 O 50 100 150 200 250 300 350

Temperature

Figure 12: Pressure-volume-Temperature (PvT) data for an amorphous and semi-
crystalline material

Shrinkage

The shrinkage behavior of thermoplastic materials is quite complex. Generally, there is
more shrinkage in the direction of flow than across the direction of flow for unfilled
materials. When glass fiber fillers are added, the trend is reversed and there is more
shrinkage across the flow direction. In Figure 13, both parts were gated with a gate along
the entire left edge of the part. They were both made with the same material and used the
same processing conditions. The difference is the bottom part used the fiber flow analysis
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to take into account the orientation of the glass fibers. Without considering the glass
fibers, there is more shrinkage parallel to flow. When considering the effect of the glass
fibers, there is much less shrinkage. The shrinkage perpendicular to flow is less than the
shrinkage parallel to flow. The processing conditions used have a significant effect, as
does the type of polymer. The warpage analysis uses data from the filling and packing
analysis to determine the exact amount of shrinkage.

Top part not considering glass fiber orientation

Parallel to flow
2.16%

Perpendicular
to flow

1.27%

0.96%

0.17%

Top part considering glass fiber orientation

Figure 13: Shrinkage of a plaque considering fiber otientation and not considering
orientation
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What You’'ve Learned

The injection molding machine has the 4 major components including:
e Hopper.

e Barrel, Screw.

e Hydraulic unit.

e Clamp unit.

The injection molding process is comprised of 4 main components making up the cycle
time including:

e Fill time.

e Hold or Pack time.
e Cooling time.

e Mold open time.

The mold cooling time is normally the largest part of the cycle time, and fill time normally
has the most influence on the part quality.

The injection mold has two major components: the fixed half and moving half.

The injection molding machine with it’s hydraulic unit produces pressure the is used
during the filling and packing times. Pressure drives the flow front advancement. The
following parameters influence pressure requirements:

e Part thickness.

e  DPart surface area.

e Flow Length.

e Gate Size.

e Runner Diameter.

e Mold Temperature.

e Melt Temperature.

e Ram speed (Injection time).
e Melt flow index.

The pressure created by the molding machine impacts the polymer. Control of the
polymer is done indirectly by the machine settings. What happens to the polymer in the
mold is divided into phases of molding which include:

e Filling phase - Velocity controlled filling of the entire cavity volume.
e Pressurization phase - Building up of pressure in the mold to a maximum value.

e Compensation phase - Continuing to apply pressure to compensate for thermal
shrinkage.

Polymers being molded have the following behaviors:

e Fountain flow - The first material in forms the skin of the part and the last material
in forms the core.
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Molecular orientation - Due to fountain flow, the highest degree of molecular
orientation and shear rate is just inside the frozen layer and is very low in the center
of the cross section.

Heat transfer - The high shear rate inside the frozen layer develops shear heat. Most
of this heat is transferred to the mold wall during filling. There should be a balance
between shear heat developed and the heat transfer to the mold.

Injection rate vs. frozen layer thickness - The faster the injection rate, the more
shear heat will occur, and the thinner the frozen layer will be.

Pressure-Volume-Temperature (PvT) - The PvT of the polymer determines how
compressible the material is. This has a significant influence on the packing of the
part.

Shrinkage - Unfilled polymers normally shrink more parallel to the flow direction.
Fiber filled materials tend to shrink less than unfilled materials, but shrink more
perpendicular to flow.

Theory and Concepts - Injection Molding Overview 15
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CHAPTER 2

Finite Element Overview

Aim

The aim of this chapter is to review the finite elements used by MPI and how they are
combined into different meshes. Also to review the assumptions used by the flow solvers
for the different element types.

Why do it

The 3 mesh types used by MPI all have their advantages, disadvantages and assumptions.
When there is a choice in the mesh type to be used, it is critical the choice is made based
considering these advantages, disadvantages and assumptions.

Overview

There ate three types of finite elements used by MPI including:
e 2-noded beam.

e 3-noded triangle.

¢  4-noded tetrahedral.

These 3 element types are used in different combinations to create different “meshes”
used by MPI, including:

e Midplane.
e Fusion.
e 3D

The elements and meshes have different flow solver assumptions that will in part
determine what mesh is best to use. These assumptions will be reviewed.

Finite Element Overview 17
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Theory and Concepts - Finite Element
Overivew

Finite elements used in Moldflow

In order to run a Moldflow analysis, the part must have an appropriate finite element
mesh created. Often, the finite element mesh is referred to as a mesh. Elements divide
the geometry of the part (domain), or other tool component into a number of small
domains. These small domains or elements are defined by nodes, (coordinates in space)
and are used for the calculations inside Moldflow. There are three main categories of
elements:

e Beam.

> 2-noded element used to describe the feed system, cooling channels etc.
e Triangle.

» 3-noded element used to describe the part, mold inserts etc.
e Tetrahedral.

» 4-noded element used to describe the parts, cores, feed systems etc.

An example of these 3 element types are shown in Figure 14.

Beam Element  Triangular Element Tetrahedral Element

Figure 14: Element Types

Mesh types used by Moldflow

Moldflow uses three “mesh types” for analysis. The mesh types use a combination of the
element types described above. The mesh types are:

Midplane

e The mesh is defined on the “midplane” or center line of the plastic cross section as
shown in Figure 15 A.

e Triangular elements are primarily used to define the part.

e Beam elements can be used to define the feed system, cooling channels etc.
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Fusion
Triangular elements are defined on the surface of the plastic as shown in Figure 15 B.
e  Analysis method called Dual Domain™.

e Beam elements can be used to define the feed system, cooling channels etc.

3D

e Tetrahedral elements are used to represent the part. Several rows of elements are
used to define the cross section as shown in Figure 15 C.

e Beam elements or tetrahedral elements can be used to represent the feed system.

/}9 Care should be used when using the term “mesh”. Depending on the context, it
could be referring to a collection of a certain type of finite element, a “triangular
mesh” or it could mean a type of analysis, “A midplane mesh was used”.

Midplane Fusion

A

Figure 15: Mesh types

Solver assumptions

Midplane and Fusion

The same flow solver is used for midplane and Fusion mesh types. Every type of solver
has certain assumptions. For midplane and Fusion the solvers are based on the
generalized Hele-Shaw flow model. This model has the assumptions listed below:

e Laminar flow of a generalized Newtonian fluid.
e Inertia and gravity effects can be ignored.

e In plane heat conduction is negligible compared to conduction in the thickness
direction.

e Thermal convection in the thickness direction is neglected.
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e Heatloss from edges can be ignored for the triangular element type.

Element specific assumptions

Beams

Sometimes referred as a 1D element, it has an assigned cross sectional size and shape.
Beams are axisymmetric circular-tube flow of a generalized Newtonian fluid. A non-
circular shape typically is represented by an equivalent circular tube with the same
hydraulic diameter but with the volumetric flow rate scaled down in order to give the
same average velocity as the original shape. Juncture losses due to abrupt contractions in
flow path are incorporated through an empirical model derived based on Bagley
corrections in viscosity characterization. Beam elements can not account for shear-
induced imbalances as sometimes seen in feed systems.

Triangles in midplane meshes

A triangular element used in a midplane mesh is often referred to a 2.5D element or shell
clement. This mesh simulates a 3D part with a 2D plane surface at the center of the
thickness. A thickness property is assigned to this plane hence the terminology 2.5 D.
Because of the assumptions listed above, the cross section that can be modeled with this
element type is limited. As a minimum, the width to thickness ratio of any local area
should be at least 4:1, otherwise significant errors may be introduced. At a 4:1 width to
thickness ratio, 20% of the perimeter is in the thickness direction and is not accounted
for in the heat transfer equations. The greater the violation of this rule; the greater the
amount of possible error. This is a particular problem for square shaped geometry such
as connecting ribs, housing vents or grills.

Triangles in Fusion meshes

Fusion meshes sometimes called a modified 2.5D mesh, simulates a 3D part with a
boundary or skin mesh on the outside surfaces of the part. The main difference between
midplane and Fusion meshes is how the thickness is determined. In Fusion, elements
across the thickness are aligned and matched. The distance between the mesh on the
opposite side of the wall defines the part thickness. The mesh density is an important
factor in determining the accuracy of the thickness representation, in particular on
tapered features such as ribs. The percentage of the elements in the Fusion mesh that are
matched is a key factor in determining the quality of the mesh. It should be at least 85%.

3D meshes
A 3D mesh makes fewer assumptions than Midplane and Fusion including:
e Uses full 3D Navier-Stokes.

e Solves for pressure, temperature and the three directional velocity components at
each node.

e  Considers heat conduction in all directions.
e Provides options to use inettia and/or gravity effects.

3D meshes create a true 3D representation of the part. A 3D mesh works well with
“thick and chunky” parts that violate the thickness rules stated previously such as
electrical connectors and thick structural components.
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What You’'ve Learned

The elements used in MPI are:

e 2-noded beams used to describe the feed system, cooling channels etc.

e 3-noded triangular elements used to describe the part, mold inserts etc.

e 4-noded tetrahedral elements used to desctibe the parts, cores, feed systems etc.
The meshes used in MPI include:

e  Midplane, using triangular elements for the part and beam elements for the feed
system.

e  Fusion, using triangular elements for the part and beam elements for the feed system.

e 3D, using tetrahedral elements for the part and feed system, and optionally beams for
the feed system.

Midplane and Fusion use the Hele-Shaw model. Most of the assumptions related to the
Hele-Shaw model relate to limiting the heat transfer. As a result, the thickness to width
ratio of the flow path should be at least 4:1.

3D uses a Navier-Stokes model which considers heat transfer in all directions, and can
account for inertia and gravity which midplane and Fusion cannot.
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CHAPTER 3

Moldflow Design
Principles

Aim
The aim of this chapter is to review the Moldflow Design Principles to be used with MPI.
Why do it

MPI was designed in part to analyze the molding issues addressed in the Moldflow
Design Principles. Taking into account Moldflow Design Principles will reduce problems
will part and mold design and will make the part easier to mold.

Moldflow Design Principles 23
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Theory and Concepts - Moldflow
Design Principles

The Moldflow Design Principles are a set of rules that influence the design of a part and
tools to optimize the filling of a part. When these principles are followed, higher quality
parts and faster cycle times are the result. Not following the principles leads to
problematic designs. The design principles include:

e  Unidirectional and controlled flow pattern.
e Tlow balancing;

e Constant pressure gradient.

e  Maximum shear stress.

e Uniform cooling.

e DPositioning weld and meld lines.

e Avoid hesitation effects.

e Avoid underflow.

e Balancing with flow leaders and flow deflectors.
e Controlled frictional heat.

e Thermal shutoff for runners.

e Acceptable runnet/cavity ratio.
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Unidirectional and controlled flow pattern

To produce unidirectional otientation, the filling pattern in the part should be

unidirectional. This means the flow direction should be straight and not reverse on itself
during filling. In the examples below in Figure 106, the part is rectangular. In the example
on the left, the part is gated near the center, and the flow changes direction during filling,
It does not have unidirectional orientation. In the example on the right, the part is gated
on the right edge and so the flow front lines and flow direction arrows are perpendicular,

producing unidirectional orientation.

Center Gated End Gated
Flow not Unidirectional Flow Unidirectional

Figure 16: Flow pattern changes with gate location
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Flow balancing

All the flow paths within a mold should fill at the same time and with equal pressure. For
multi-cavity molds, this means each cavity should fill at the same time. Within parts, the
same holds true; the extremities of the part should fill at the same time also.

There are two types of balanced runner systems: naturally balanced, sometimes called
geometrically balanced runners, and artificially balanced runners. In a naturally balanced
runner system, the flow length from the sprue to each of the parts is the same for all
cavities, as shown in Figure 17. Generally this type of runner system has a larger
processing window than artificially balanced runners.

Figure 17: Naturally balanced runner system

The artificially balanced runner system achieves its balance by changing the size of the
runners. This can be a very useful technique for balancing runners, as there is generally
less runner volume required than a naturally balanced runner. However, due to the
changes in the runner diameter, the processing window is generally smaller than a
naturally balanced runner. Injection time is generally the main limiting factor. As a result,
in situations that have high runner pressure drops plus low part pressure drops, tight
tolerances, thin sections in the part, and potential sink mark issues, artificially balanced
runners may have a very small molding window or may not be practical. The greater the
runner length ratio between the longest and shortest path the greater the potential
problem. Figure 18 shows an example of an artificially balanced runner.

2 Z50[mra]

Figure 18: Artificially balanced runners
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Constant pressure gradient

The pressure gradient while the part is filling should be uniform through the part.
Figure 19 shows a part that does not have a constant pressure gradient during filling, The
XY graph is the pressure at the injection location. Just at the beginning of fill, there is a
spike in pressure. However, the big problem is at the end of fill. The part is mostly filling
by radial flow. As the flow front meets the center of the sidewalls the flow front starts
contracting. This corresponds to a slight increase in the pressure gradient. The big spike
occurs when the three corners fill and the remaining upper right corner is the only area
that remains unfilled. All the material exiting the gate enters the upper right corner
causing the pressure spike. The volumetric flow rate entering the part is constant. The
pressure gradient is an indication of a balance problem, or it suggests an injection velocity
profile should be used.

T5.00 7 Pressure atinjecton focatiorn: XY Plot
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Figure 19: Pressure Gradient
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Maximum shear stress

The maximum shear stress in the part should be below the material limit specified in the
material database. The shear stress limit is approximately 1% of the tensile strength of the
material and is also application-specific. For parts used in harsh environments such as
elevated temperatures, under a high load during use, or exposed to chemical attack, the
limit specified in the database may be too high. Alternatively, if the part is not used in a
harsh environment the limit is conservative (low), and the stress can be significantly
exceeded without any problems. However, when the shear stress does get above the limit,
it should be kept as low as possible. Figure 20 shows the maximum shear stress in the
part scaled from the material limit to the maximum shear stress value calculated in the
analysis. Areas that are colored in the plot are therefore above the limit. In this case, the
maximum shear stress is 0.45 MPa which is not too high. Most of the time, parts will
have areas of high shear stress that will be 2 to 5 times the stress limit. In this case, it is
only 1.5 times the limit. However, much of the part is slightly about the limit. The
maximum shear stress in the cross section is at the frozen/molten layer interface, or “at
wall”.

Three main factors influence shear stress, including:
e Wall thickness - increase the wall thickness to reduce stress.
e Flow rate - lower the flow rate (locally or globally) to reduce stress.

e Melt temperature - increase the melt temp. to lower the shear stress.

Shear stress at wall
e Time = 2.005[s]

]
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Figure 20: Maximum shear stress
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Uniform cooling

When cooling a part, the mold surface temperature should be uniform on both sides of
the part. When the temperatures are not uniform, the molecules on the hot side have a
longer time to cool so they shrink more. This makes them shorter, so the parts will bow
towards the hot side of the part as shown in Figure 21. The left image shows the
temperature distribution and the right shows the warpage.

Hot Side

—— e P
Cold Side

Figure 21: Cooling uniformity

Figure 22 shows a typical “Box” type structure that many injection molded parts have. In
the box structure, there is an inside corner (the core) that is normally difficult to cool and
where heat tends to concentrate. On the other hand, the cavity side is easy to cool, and
there is a larger volume of mold to absorb the heat from the plastic. As a result, the inside
of the corner runs hot, allowing more time for the molecules to cool down and shrink
therefore collapsing the corner a bit. This will pull the sides of the box towards the core.

Figure 22: Cooling of box structures
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Positioning weld and meld lines

A weld line is formed when two flow fronts meet head-on. A meld line is formed when
the flow fronts meet while flowing in the same direction. Formation of weld lines and

meld lines are shown in Figure 23. Weld lines are generally weaker and more visible than
meld lines, but they both should be avoided.

Every time a gate is added to the part, an additional weld or meld line is formed, and so
eliminating extra gates is advisable. When the number of weld or meld lines cannot be
reduced, they should be placed in the least sensitive or critical areas with regards to their
strength and appearance. Depending on the application, a weld or meld line could be a
problem in terms of either strength or appearance. The strength of a weld or meld line is
generally improved when they are formed at higher temperatures and when the pressures
to pack them out is higher.

Weld line about to form

meld line

/N Y\ 7

——

Meld line ahout to form

Figure 23: Weld lines and meld lines
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Avoid hesitation effects

Hesitation is an unintended slowing down of the flow front. When a flow front slows
down too much, it gets too cold and in severe cases can freeze off. This is what has
happened in the top example in Figure 24. Hesitation will occur when there is a large
variation in wall thickness in the part. In this case, the rib is much thinner than the
nominal wall. Having a fast injection time can minimize hesitation. This increases shear
heating and provides less time for the material to hesitate. Another way to reduce
hesitation is to gate as far as possible from thinner areas, as was done in the bottom
example.

Hesitation in rib

Gate far
from rib

Figure 24: Hesitation caused by gate placement
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Avoid underflow

Underflow occurs when a flow front changes direction during filling. In the example in
Figure 25, underflow occurs because the flow front is not balanced due to the gate
location. The contour lines and the velocity arrows should be perpendicular as they are in
the upper left corner of the figure. In the lower right side of the figure they are parallel,
indicating a significant shift in the flow direction.

The problem with underflow is its effect on orientation. The initial filling direction for an
area on the part is represented by the fill time contours. The flow direction is
perpendicular to the contour line. The molecules ate initially oriented in the direction of
that flow. If, later on during the filling phase, the flow direction changes, the molecules
closer to the center of the flow channel are oriented in the new flow direction. Molecules
want to generally shrink more in the direction of orientation, and so if there is underflow
there is significant internal stress in the location of the underflow.
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Figure 25: Underflow
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Balancing with flow leaders and flow deflectors

Flow leaders are local increases in the nominal wall thickness, whereas flow deflectors are
local decreases in thickness.

Many times a part cannot be balanced by gate placement alone. It can be useful to slightly
change the wall thickness to enhance or retard the flow in a certain direction. This will
allow the filling of the part to be balanced, even though the flow lengths from the gate to
the extremities of the part are not equal (see Figure 26). Generally it is better from a
material saving point of view to decrease the wall thickness. This may not always be
possible, however, due to structural requirements of the part.

Ilesh Thickness [mm] :ﬂg 51|3r[ne]
=1.653[s
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0.0000

Figure 26: Flow leaders
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Controlled frictional heating

Runners should be sized so there is shear heat in the runner. For most materials, 20°C is
good target for the amount of shear heat. Some materials can have a much higher level of
shear heat. Materials like PVC should keep shear heat to a minimum.

Shear heat in runners is advantageous for several reasons because it:

e Reduces the pressure to fill the part by increasing the melt temperature entering the
part.

e  Reduces the shear stress in the part because the melt temperature is higher.

e The barrel melt temperature can be lower resulting in a longer residence time before
the material degrades.

The amount of shear heat is controlled by the size of the runners. The smaller the runner,
the more shear heat. Following best analysis practices, the melt temperature is optimized
by considering only the part initially. This allows you to design the part to be molded at
higher temperatures to achieve the benefits mentioned above. When the runners are
sized, the melt temperature entering the sprue is lowered so by the time the material
enters the part it is back to the optimized temperature.

Bulk temperature
Time = 0.3762[g]
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Figure 27: Runner with frictional heat
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Thermal shutoff of runners

The runners should be sized so they allow the parts to fill and pack out without
controlling the cycle time. In Figure 28, the freeze time of the part is about 3.4 seconds.
The runners have freeze times that are at least that of the part. Notice, however, that the
cooling time of the sprue is about 10 times that of the part. This would suggest the sprue
is too large and should be made smaller if possible. The largest cooling time in a runner
should preferably be at most 2 to 3 times that of the part, but this is often difficult to do.
In the case of the runner in Figure 28, if the runners were made smaller while maintaining
a balanced runner system, the smallest runner, which currently has a cooling time of 4.7
seconds, would quickly become much smaller than the part. As a general rule, if there are
no critical dimensions or sink mark quality criteria, the cooling time of the runners can be
as low as about 80% of the cooling time of the part. When dimensions are more critical,
the cooling time for the runners should be greater than the part.

Figure 28: Thermal shutoff
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Acceptable runner / cavity ratio

The ratio of the volume of the feed system to the total volume of the cavities should be
as low as possible. This is to reduce the material being wasted in the runners and to
reduce the amount of regrind. In Figure 29, the runners cannot be made much smaller
and still maintain a balanced fill and acceptable packing. In this example, the ratio of
runner to cavity volume is 85%, which is very high. Ideally, the volume of the runners
should be 20% of the part volume or less.

Figure 29: Cavity to runner ratio
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What You’'ve Learned

Flow analysis should be used in conjunction with recognized design principles to
optimize the part. These design principles include:

Unidirectional and controlled flow pattern. The flow direction should be straight
and not reverse on itself during filling;

Flow balancing. All the flow paths within a mold should fill at the same time and
with equal pressure.

Constant pressure gradient. The pressure gradient while the part is filling should
be uniform through the part.

Maximum shear stress.The maximum shear stress in the part should be below the
material limit specified in the material database.

Uniform cooling. When cooling a patt, the mold surface temperature should be
uniform on both sides of the part.

Positioning weld and meld lines. When the number of weld or meld lines cannot
be reduced, they should be placed in the least sensitive or critical areas with regards
to their strength and appearance.

Avoid hesitation effects. Hesitation is an unintended slowing down of the flow
front and should not occut.

Avoid underflow. Underflow occurs when a flow front changes direction during
filling and should not occur.

Balancing with flow leaders and flow deflectors. Flow leaders/deflectors can be
useful to slightly change the wall thickness to enhance or retard the flow in a certain
direction to balance the patt.

Controlled frictional heat. Runners should be sized so there is acceptable amount
of shear heat in the runner.

Thermal shutoff for runners. The runners should be sized so they allow the parts
to fill and pack out without controlling the cycle time.

Acceptable runner/cavity ratio. The ratio of the volume of the feed system to the
total volume of the cavities should be as low as possible.
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CHAPTER 4

Introduction to Synergy

Aim
To learn the many features of the MP1/Synergy user interface.
Why do it

The MPI/Synergy graphical user interface provides you with a quick, easy-to-use method
of prepating, running and post-processing an analysis of a particular part design. This
chapter will introduce you to the various aspects of the user interface and show you how
they can be used, as well as getting you up and running with a project and interacting with
a model.

Overview

In this exercise, you will review and use the many interface features provided in MPI/
Synergy, including:

®  Menus ®  Preferences

®  Panel, Project pane ® Toolbars

®  Panel, Study tasks e  Working with projects
®  Panel, Tools e  Entity selection

® [Layers ®  Properties

® Toolbars ®  Model manipulation

e Context menu e  Wizards

e  Display window
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Theory and Concepts - Introduction to
Synergy

What is MPI?

Moldflow Plastics Insight® (MPI®) is a product suite designed to simulate the plastic
injection molding process and its variants such as gas-assist injection molding, injection-
compression, thermosets processing, etc. MPI consists of a single, common user
interface called MPI/Synergy and a range of analysis products. Together they provide an
insight into the many and vatied aspects of plastic injection molding. It is therefore an
essential tool for a wide range of users.

What is MPI/Synergy?

MPI/Synergy, also known as just Synergy, is the graphical user interface for MPL. It
provides a quick, simple method of preparing, running and post-processing an analysis
for a model. It also has fast, easy-to-use wizards for creating multiple cavities, runner
systems, cooling circuits, mold boundaries and inserts. Included with MPI is a material
searching capability for the extensive material database. Material creation tools exist to
import, change/modify and create materials to be used for any MPI analysis. To
communicate your results with colleagues, MPI has a report generation facility that
creates reports. You can customize the reports to contain any of the results derived from
an analysis. The reports can contain images of the part(s) analyzed, including any of the
animated results. One report can contain results from any number of analyses.

MPI/Synergy is a fully integrated solution for all MPI analysis modules including;

Table 2: MPI modules and supported mesh types

Module Midplane Fusion 3D

MPI/Flow X X

MPI/Cool

MPI/Warp

M M R

X

X
MPI/Fiber X
MPI/Stress
MPI/Gas

s

MPI/Optim

MPI/Co-Injection

MPI/Injection Compression

MPI/Reactive Molding
MPI/Microchip Encapsulation
MPI/Undetfill Encapsulation

s

IR IR RIS S Bl I Il Bl I

MPI/Mucell™
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Starting MPI/Synergy

MPI/Synergy is started on a PC two ways. During installation, there is a shortcut created

that looks like E with the description Plastics Insight with a version number.
Synergy can also be started by the start menu. The path will be something like,
Start ® All programs ® Moldflow Plastics Insight ® Plastics Insight.

The MPI1/Synergy graphical user interface

MPI/Synergy, shown in Figure 30 is the environment used to prepare, run and post-
process an analysis for all MPI analysis modules. Within Synergy, you can set up a
sequence analysis (such as cool-flow-warp), run the analysis, view the results and prepare
a report.
There are six main sections of MPI/Synergy:
® Menus.

» Provides quick access to the functionality of MPI.

®  Panel.

> Area on the side of the screen that contains panels used for project, study, and
layer management plus tools used for geometry creation, mesh diagnostics and
mesh cleanup.

e  Toolbars.
> Series of icons that allow for quick access to most commands in Synergy.
e  Context menu.

» Menu accessed with a right click that is context sensitive. Different options
appear depending on where the cursor is when the context menu is activated.

e  Display.
> This is the area of Synergy where documents (studies) are opened.

o  Wizards.

> A wizard is a tool that helps you preform a specific multi step task

42 Chapter 4



&7 Moldflow Plastics Insight 6.0

Fle Edt Wiew Modelng Mesh Analysis Results Report Tools ‘window Help

=10l x|

elsle|olelala) || clolg] e 3| [F loflalte] =) SEErs o) 2lol o] +|+/m

e | Bl |

| s

I R e = =R =AY

ajr|r]ime|a —omss | @|a|@l@|mle| e Sl =
x|
Tasks | Tools | [i 2_tib_plate_3d _|of x|
Project’3_36_FE Overview' ks 0o Fill time Fill time
B 2_sib_plate_gsom c =D.3981]g| =0.3916s]
[B1 z_rib_plate_rmp 7)) (i)
L@ 2rib_plate_fusion ® A
L@ 2_rib_plate_3d ® 05281 e fel
0.3961
02641 [
0.1320 .
0.0000
[# Study Tasks: 2_rib_plate_fusionsdy = i i1
- 2 Parl (2 1ib plate smalIGS) J sl e 34
%, Fusion Mesh (1536 slements) : :
% Fil MeshLog Screen Outpt | il | Mackine Setup | Fil-Check |
A Lustian 548 Baperl 15, | o0.5200 | 98.882 | 9.016e+00 | =
¢ 2% 1lnieclion Localiors) | 8.5228 |  99.182 | 9.773e+88 |
v &) Process Settings (User] | 8.5258 | 99.668 | 1.070e+61 |
] Lags
ﬂ“ Results ’I—" Automatic U/P switch-over point reached. : I
| | | K
T = ] Time | Filled Vol | Inj Press | G000
Dy xEBRY R [ T I+ 3] I (iPa) I .
| | | l. M
| 9.5282 | 180.808 | B8.556e+08 | —!
[TIIGES Surfacs 34
[CIMew Nodes hd 3
%IHew Triangles 10— » Eaoipsicen Frsomes sy Scale (3 mm)
Ready ¥ Logs JThermop\astics Injection Molding /| Ready I~ Logs | Thetmaplastics Injection Molding 2
] 2_tib_plate_fusion |@ 2 1ib_plate_3d I

Risatly

Figure 30: MPI/Synergy window

Menus

The menus at the top of the MPI/Synergy window contain the commands available in
MPI. The commands available in the menus depend on the stage of the simulation
process you are currently in. Table 3 below describes the function of each menu.

Table 3: MPI/Synergy menus and their functions

Menu

Function

File

Creating, opening, closing, importing, exporting, printing, setting system
preferences and saving of projects and models.

Edit

Copying, cutting, pasting, selecting and editing objects, images and properties.

View

Displaying/hiding the vatious windows, toolbars, etc. within MPI/Synergy.
Functions for displaying layers and locking windows and results.

Modeling

Creating, duplicating or querying nodes, curves and regions, creating runners,
cooling lines, inserts or mold boundary with the aid of Wizards, defining and
activating a local coordinate system or modeling plane, duplicating cavities and
diagnosing surface problems.

Mesh
menu.

Creating, diagnosing, and fixing meshes. Local mesh refinement is also in this

Analysis

Setting the molding process and analysis sequence, selecting the material,

configuring the process settings and all analysis prerequisites necessary for the
selected process, including Dynamic Feed Control locations. The Job Manager
functions are in this menu.

Results

Setting display options for results, querying results and outputting results to a file.
The preferences for the plots properties can be modified from this menu.
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Table 3: MPI/Synergy menus and their functions

Menu Function

Report Creating, editing and viewing reports based on one or more analyses.

Tools Creating, importing and editing databases for thermoplastic materials and other
materials used in an analysis. The basic commands for the Application
Programming Interface (API) are listed here as well.

Windows | Controlling the sub-windows in the display window.

Help Accessing the Online Help and other information about MPI and Moldflow,
including keyboard shortcuts, tutorials and connecting to Moldflow on the Web.
Information about the program release and build number are also available from
this menu.

Sometimes, menu options may be grayed out and unavailable for use. Which options are
available depends on the object that is selected in MPI/Synergy.

Panels

Creating, editing and validating geometry and mesh require substantial interaction with
the part model. The panel layout provides an uninterrupted access to the part model in
the graphics window can greatly improve user efficiency and productivity, as shown in
Figure 31. The Project panel displays either the Tasks or Tools tab.
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Figure 31: Tasks tab on the Projects panel in Synergy

Tasks tabs

The tasks tab is divided into two sections:

e Project pane.
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e  Study tasks pane.

A divider bar between the Project pane and the Study tasks pane is movable, so the
relative sizes of the two panes can be changed. The Tasks tab is shown in Figure 31.

Project pane

The Project pane is the top level of organization in MPI/Synergy. It contains a list of all
the studies within a project. A project is equivalent to one “directory” on the hard disk,
with a collection of MPI analysis files. Within the Project pane, studies can be organized
into virtual “Folders” and any number of folders can be created to organize studies
within one project.

The study folders created in the Project pane are not “directories” on the hard disk.
The only exception to this is report folders which are in fact created as subdirectories in
the project directory.

For each study in the Project pane, you will see one or more icons to the right of the
study name. These icons represent the types of analyses that can be run in MPI, and the
status of a given analysis.

For example, the icon © indicates the selected analysis is a filling analysis and has not
yet been completed because it is not filled. When results are available for the study, the

icon is filled in like this ® . Several icons can be grouped together to form an analysis

£ E which indicates a Cool, Fill, Pack and Warp analysis (see

Figure 32). A Fill and Pack analysis together is called a Flow analysis.

sequence such as

|
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=-[ Cover
‘- [#] Cover Original ¢ (B w
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Figure 32: Project pane

Studies

Studies are files that contain all the information about a part to run an analysis. The
extension is .sdy. The study file contains:

e Imported or created geometry.
e Tinite element mesh.

e Analysis sequence.
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e  Material information.
e Injection location(s).

e DProcess settings.

Drag-and-drop

One of the ways you can manipulate the Project pane is to drag studies from one place
to another. This is useful in many situations.

To open a study, click on the study and drag it into an empty area of the display window.
Several studies can be highlighted at one time using a combination of the shift and
control keys. Once several studies are selected, drag them to the display window to open
them all at the same time.

Studies can be moved from one folder to another in the Project pane by the drag-and-
drop method as well.

Compare studies

When two or more studies are highlighted in the Project pane and you click the right
mouse button to activate the context menu, one of the options is Compare Studies.
This tool will bring up a dialog and will show all the highlighted studies and a listing of
parameters to compare. The first study in the list is the benchmark that the other studies
are compared to. For values that are different, the field will be highlighted in yellow. This
table of information can be exported into a comma delimited file. Table 33 shows an
example of the compare studies feature.

Study Comparison Report e |

I gate_plate_hes_rib_far_gate ® | gate_plate_hes_rib_close_gate ;I
Mold Temperature [C) a0 a0
Mold open time (=] 17 ]
Injection + packing + cooling time Specified of 30 % Specified of 30 5
Geometrc Influsnce Caloulation Met...  Automatic Automatic
Cooling time Specified of 20 = Specified of 20 =
Injection Modes 1 1
Filling contral Injection time of 1.5 = Injection time of 1.5 3
W/F Switchower Automatic Automatic
Machine Marme Diefault rolding machine Cefault rmolding machine
Fiber Onentation Analyziz ez ez
‘Warpage Analyziz Type Automatic Automatic
Rezults
Flow Analysis
Tatal projected area [cm™2] 1e+003 1e+003
b amimum injection prezsure [MPa) 3349 333
Time at the end of filling [z) 1.81 1.57
b airnurn Clamp force - during filing .. 251 144
Bulk temperature - minimum [C) 264 229
Bulk termperature - masimum [C) 289 290
Wall shear stress - masimum [MPa) 017 0.0964
Shear rate - mawimum [1/3) 3.96e+003 4 Bhe+003
Total weight [part + runners) [g) 214 209
Coal Analysiz
MWurnber of Differences 1] 9 -
4 [ i
[ Show only rows with differences Export Help |

Figure 33: Compare Studies
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Study tasks list

The Study Tasks pane displays a list of the basic steps necessary to set up and run an
analysis. The information shown in the Study Tasks list always relates to the currently

active study. The study tasks pane includes the following icons:

Table 4: Study Tasks Icons

Icon

Name

Description

Translation model

Indicates the original file format of the geometry.

Midplane model

Indicates the model uses midplane mesh technology.

Fusion model

Indicates the model uses Fusion mesh technology.

3D model

Indicates the model uses 3D (tetrahedral) mesh technology.

Analysis Sequence

Shows the currently selected analysis sequence, for example
Fill, Flow, or, Cool + Flow + Warp.

Material

Shows the currently selected material and provides access to
material searching functions.

Injection nodes

Sets the injection location on the part.

Circuits

Sets coolant inlet properties and starts the circuit creation
wizard.

gl o x| oW Bl 2 & A

Process settings

Sets all the variables for the analyses selected in the analysis
sequence.

Start analysis

Starts the analysis or opens the job manager with a right click.

N @] e

Results Lists all results including screen output, results summary,
analysis check, and graphical results.
Task Done Indicates the task is completed and information is provided

so an analysis can be started.

In addition to all the tasks required to set up the study to the point where an analysis can
be run, there is also a listing of all results created once an analysis is completed. An
example Study Tasks list is shown below in Figure 34. In this example, all analysis setup
tasks have been completed, an analysis has been run, and results are now ready for

viewing;
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Figure 34: Study tasks list

Tools Tab

Modeling and meshing tools can be found on the newly-created Tools tab in Project
panels. Now, the part model remains visible in the graphics window without being
obscured by tool dialogs, as shown in Figure 35.

=
Tasks Toos |
[xv CedENRRRENG 4
[Merge Nodes s o]
“ Apply X Close Help
~ Input Parametes
Nodetomegels: [Wi0
Nodes to meige from: [N314
[ Breserve Fusion
Ondy allow merging of nodes that form a
| Selection option _
Create as. <Nopropery sety J
Fiter.  [Node =l

Figure 35: Tools tab in the Project panel
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Toolbox

The Toolbox is found on the Tools tab, as shown in Figure 36. Through the Toolbox,
any of the model creation or mesh editing tools can be accessed easily, without having to
navigate through the Modeling or Mesh menus. Every icon on the toolbar has several
individual commands under it. When a command is chosen, the combo box below the
toolbox is populated with a set of related modeling and mesh commands, and the
shortcut key for the current tool is shown. Shortcuts range from F2 to F12. Click on the

icon El to change the shortcut keys for the commands. Table 5 lists the tools in the

Toolbox.

Toolbox

LKL QEBELER R RRINE &

I Merge Nodes

s~

Figure 36: Toolbox

Table 5: Toolbox tools

4

Icon Tool
/ Create Nodes
N
Create Curves
Yo
O Create Regions

Surface Tools

Move/Copy

Create/Beam/Tri/ Tetra

Nodal Mesh Tools

Edge Mesh Tools

Global Mesh Tools

Mesh Diagnostics

S - I - A

Set Constraints

Set Loads
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Entity Selection

If a command is active, such as Merge Nodes, and you want to select entities for some
other purpose, such as moving entities between layers, the tool must be closed first. Close
a tool by pressing the Close button on the panel, or by right clicking in the model
window and selecting Finish.

Layers

Layers is a method of organizing the entities (nodes, elements, regions, etc.) in your
model into groups, and then controlling the visibility and display properties of the entities
on a per-group basis. The use of layers is very handy when modeling, fixing the mesh or
during results visualization. For a model that has been meshed, there will be several
default layers including: Default Layer, New Nodes, and New Triangles. There will also
be one or two layers for the imported geometry. Layers can also be organized to
represent geometties, such as runners, gates, edge, top, side, etc.

'J* Results are automatically scaled by visible layers. Layers can be created at any time to aid in

viewing results.

The Layers pane is by default, located under the Tasks/tools pane. The Layers pane can
be a floating dialog, To make the pane float, simple click in the icon area of the pane and
drag it of the panel.

An entity can be only on one layer at a time.

In the layers pane shown in Figure 37 below, several details can be seen including:

e The bold layer is the active layer. Any new geometry that you create, for example a
runner system, will be added to this layer.

e The layers with a tick in the check box ¥l are visible layers. All entities assigned to
those layers will be visible on the screen.

e The highlighted layer with the blue background LIEEEEEREIE is the currently
selected layer. Most of the layer commands work on the highlighted layer. as
described in Figure 6.
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Figure 37: Layers pane

A complete list of commands and actions available for layers are shown in Table 6.

Table 6: Layer icons

Icon Command Action

G Create Layer | Creates a new layer. Once created, click on the name to change it.

Delete Layer  |Deletes the highlighted layer. If there are any entities on that layer,
you will be prompted to delete the entities or to move the entities to

X

the active layer.

Activate Makes the highlighted layer active. The layer name becomes bold.
Layer

“

Layer Display |Allows you to view and edit the color and display methods of the
entities on the highlighted layer. You also have the option to hide/
show entity labels, for example element or node numbers.

(=

Assign Layer  |Assigns the currently selected entities in the display window to the
highlighted layer.

©

Expand Layer |Adds entities to the highlighted layer by a number of levels. If there

A
<
u

is only one element on a layer, D and the expand command is
used, all of the elements attached to the single element are added to

this layer, as well as all of the nodes on the elements.

Clean Layers  |Deletes all layers with no entities on it.

Layer Display Dialog Components

For a selected layer, the display layer settings can be applied. The layer display dialog is
shown in Table 38.
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& Specify: - Select... |
Show az: IDefauIt j

¥ isible v Labels
Cloze | Help |

Figure 38: Layer display dialog

The individual components of this dialog and its functions are in Table 7.

Table 7: Layer display commands

Command Function

Entity type Select the entity type to be modified from the drop-down list. A layer can
have more than one entity type. Each entity can have different display
settings.

Color Specify the display color for the selected entity type within a layer. Click
Default to use the default color associated with an entity type. Click Specify
and then Select... to choose any other color.

Show as Specify the display method for each entity type within a layer. From the drop-
down list, select a display method, such as:

e Default.

e Solid.

e Solid + Element Edges.

e Transparent.

® Transparent + Element Edges.
e  Shrunken.

Visible Specify whether each entity type within a layer is visible, or hidden. Click in
the box to turn visibility on or off.

Labels Display on or off the labels of each entity type.

Layer context menu

The context menu (right click) for the layers area is particularly useful. In addition to the
same commands as the icons on the layer toolbar, there are other commands that are
useful. Below in lists the commands on the context menu.

Table 8: Layer commands found on the context menu

Command Description

Make Active Makes the highlighted layer active. Described in detail in Table 6.

Assign Moves selected entities to highlighted layer. Described in detail in
Table 6.
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Table 8: Layer commands found on the context menu

Command Description

Display Changes the display properties for entities on the highlighted layer.
Described in detail in Table 6.

Expand Adds nodes and elements to entities on the highlighted layer.
Described in detail in Table 6.

Delete Deletes the highlighted layer. Described in detail in Table 6.

Rename Change the name of the highlighted layer

Labels Turns on entity labels (Node numbers for example) for the
highlighted layer.

Show all Layers Turns on all layers.

Hide all Other Layers Turns off all layers except the highlighted layer.

Move Up Moves the highlighted layer up one spot in the layer list.

Move Down

Moves the highlighted layer down one spot in the layer list.

Toolbars

Most of the commands available in the menu are also available on a toolbat. Each toolbar
can be moved to any part of MPI/Synergy by clicking on it and dragging. The toolbars
can be displayed or hidden using the View * Toolbars menu option. Table 9 below
describes each toolbar and its function. For a description of any of the buttons on the
toolbat, use the What's This? online Help feature.

Table 9: Toolbars and their functions

Toolbar Function

Standard Opening, saving, printing and editing, and online help.

Viewer Manipulating the display of the model or results, querying results.

Animation Controlling the animation of results.

Selection Selecting entities using a variety of tools.

Analysis Setting the molding process, analysis sequence, selecting the material,
configuring the process settings and all analysis prerequisites necessary for
the selected process.

Viewpoint Selecting standard view rotations, keying-in rotations, and saving views.

Precision view

Setting the view rotation, zoom level and pan position using incremental-
change tools.

Command Buttons

Modeling Creating geometry, nodes, curves, or regions manually or using Wizards.
Mesh Manipulation | Creating, diagnosing and repairing a mesh.

Macro Starting, stopping, and playing a macro

User Macro/ Assigning macros or commands to 10 user-definable buttons
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The buttons on the toolbars are not always available since the functions for the buttons
might not apply to the selected object. Any buttons not available are grayed-out. You can
create new toolbars, or customize existing toolbars, using the View ® Toolbars =
Customize menu option.

Creating a customized toolbar like the ones shown in Figure 39 can significantly increase
productivity. This is another way to access commands that are in the toolbox quickly. By
clicking on one of the command icons in the toolbar, the Tools pane displays the selected
tool. As always, the toolbars can be customized to contain only the tools that you use.

X £
Bl [ el 08 50 3] | 88| 2 %] 0| B2 | ) e ™ [

Figure 39: Customized toolbars
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Context Menu

The context menu is a short menu that pops up after a right-mouse click. The context
menu appears with different options, depending on what is highlighted or where the
cursor is.

Different context menus appear at the following locations:

e The project name, folder name, or study names in the Project pane.
e Every step in the Study Tasks list.

e Individual results in the Study Tasks list.

e In the Display Window.

The context menu often provides a very quick and handy way to access relevant
functions of MPI/Synergy. An example of a context menu is shown below in Table 40.

Tazks |TDD|S I
Froject "Warpage_Diagnosis'
E A

S
Import. .. W
= Qrganize. ..
Compack... ]

Compare studies
Compate with criteria, .,

Blew Study Chrl+1
Mew Repork

Mew Folder

[uplicate

Renams F2

Delete Del
Properties Alt+Enker

Figure 40: Context menu for the Project pane

Display window

You can have many studies open at one time in the display window. Each open study in
the display window is called a document.

Splitting windows

You can split a study document into one, two, or four sections to simultaneously display
different results for the same model. An example of a split in two is presented in

Figure 41. You can also use the display area to compare the results of several analyses
from the same project. Splitting windows can be done two ways, using the command

=
Window ® Split, or the icons ilﬂ found on the Viewer toolbar. When the
command is used, the window is split into equally sized windows. To remove the splits,
select the border and drag it to an edge.
Locking
There are three ways plots can be “locked”. These include:

o Views.
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> This locks rotating, panning, zooming. Figure 41 has both windows with the

view locked.

e Animations.

» This locks the animations of the plots so frames in each locked window are
displayed at the same time.

e DPlots.

> This locks the display and plot properties of each locked window. If a result is
displayed for one study, they are displayed for all.

Locking can be set or unset by several ways including:

Table 10: Locking and unlocking commands

Icon

Name

Description

Lock/unlock view

Toggle that locks or unlocks a single window by rotation pan
and zoom.

Found on the Viewer toolbat.

8

bﬁ Lock/unlock Toggle that locks or unlocks a single window for animating
Animation results.
Found on the Viewer toolbar.
Lock/unlock Toggle that locks or unlocks a single window for displaying or

modifying the properties of a result.

Found on the Viewer toolbar.

Lock all views

Locks the views of all windows that are split within a study
and/or all open studies.

Found View ® Lock ® All views command.

Lock all Animations

Locks the animations of all windows that are split within a
study and/or all open studies.

Found View ® Lock ® All Animations command.

& &

Lock all plots

Locks the plots of all windows that are split within a study
and/or all open studies.

Found View ® Lock ® All plots command.

]

Unlock all views

Unlocks the views of all windows that are split within a study
and/or all open studies.

Found View ® Unlock ® All views command.

td

Unlock all Animations

Unlocks the animations of all windows that are split within a
study and/or all open studies.

Found View ® Unlock ® All Animations command.

B

Unlock all plots

Unlocks the plots of all windows that are split within a study
and/or all open studies.

Found View ® Unlock ® All plots command.

3" The Lock all and unlock all commands are commonly used. Create a custom toolbar for
faster access to the commands.
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Figure 41: Display window

Wizards

Synergy has several wizards that can be used to automate and significantly speed up the
task of geometry creation, to cleanup a mesh, and to set up an analysis. The available
Wizards and their function are summarized in Table 11.

Table 11: Overview of MPI/Synergy Wizards

Wizard name Menu Use this Wizard to...

Cavity Duplication Wizard Modeling Duplicate cavities

Runner System Wizard Modeling Model a sprue, runners and gates
Cooling Circuit Wizard Modeling Model cooling lines

Mold Surface Wizard Modeling Model the mold boundary

Mesh Repair Wizard Mesh Diagnose and repair the mesh
Process Settings Wizard Analysis Edit the analysis inputs

Plot Customization Wizard Results Create custom results

Report Generation Wizard Report Create reports
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Working in Synergy

Below are a few common tasks required in the process of setting up and running an
analysis.

Creating and opening projects

Every time you want to work on a project ot run an analysis within MPI/Synergy, a
project must be open. If you are starting a new project, a project folder must first be
created. If a project exists, the project folder must be opened.

Creating a new project

If you need to start a new project, use the menu command File ® New Project to open
the Create New Project dialog shown in Figure 42. Specify the folder where you want
the new project to be created either by typing in the path in the Create in text box, or by
clicking Browse to locate the folder. This folder will be parent folder for the new project.
Now enter a project name. As you type, the project name is automatically appended to
the “Create in” path. In this example, the project called “New Project” will be created
in the folder “e:\My MPI 6.0 Projects\New Project”.

Create Mew Project cd |

Project name: |New Projecy

Create in: Ie:"-.M_I,I kPl E.0 Projects'Mew_Project Browse. . |

Mate: |t iz recommended that you create only one project per
directary. The directon will be created if it does naot already exist.

k. I Cancel | Help |

Figure 42: Create New Project dialog

Open an existing project

The procedure for opening a project that already exists is similar to opening a file in a
word processor. Use the menu command File ® Open Project, then navigate to the
location of the project folder. Click on the *.mpi file and click Open as shown in
Figure 43.
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Figure 43: Open Project dialog

Preferences

In the File menu, there is a menu option called Preferences that displays a dialog shown
in Figure 44, with many settings for Synergy. There are several categories of preference
settings, including:

®  General e MDL (Moldflow Design Link) ®  Background
® Mouse e  Default Display ®  Help System
®  Results o Viewer e Internet
B ackground I Help Syztem I Internet
General | touze I Results I kDL I Default Display I Wigwmer
 Syztem
[ ritg: Im v Auto-save every |10 _:I minutes
 Dizplay  Modeling plane

Active selection color: I Select... | Grid size I-I a mm
) ) [” Shap to grid
Maon-active selection color: I Select... | L

Flane size : |'|2|:I E4
Highlight color: | |

" Project directaony

— Diefault import directary

[~ Default to project directorny

[&:\biy MPIE.D Projects _|

— Commonly uzed matenals list
Mumber of materials ta remember 20 = Change Analpsiz Options. .. |

0k | Cancel | Apply | Help |

Figure 44: Preferences dialog
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There are a few preferences that are commonly changed by users - these are summarized
in Table 12 below.

Table 12: Common changes made to preferences

Tab Preference Use this preference to...

General Units Switch between English and Metric units. This can be done at
any time.

General Auto-save every | Turn the auto-save function on or off, and to specify at what

the frequency the auto-save is to be performed.

General Default import | Specify your preferred import directory. If selected, the file
directory import dialog will always open the project directory. If not
selected, the dialog will open the last directory where you
imported a model. It is sometimes handy to toggle this check
box depending on where the files to be imported are located.

General Modeling plane | Specify the size of the grid on the modeling plane, and to turn
the snap-to-grid feature on or off.

Mouse Middle, Assign commonly used commands to the middle and right
Right mouse buttons.

A possible setup would be:

e  Middle - Rotate.

e  Middle+Shift - Center.

e  Middle+Cttl - Dynamic Zoom.
®  Right - Pan.

® Right + Ctrl - Mouse Apply.

Initial mode

e  Wheel - Dynamic zoom
®  Wheel + Shift - Pan X
® Wheel + Ctrl - Pan'Y

The “Initial mode for new windows” is the command for the
left button. A common setting for this option is Select.

With the above settings, the most common model manipulation
commands can be done with the mouse, saving considerable
time.
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Table 12: Common changes made to preferences

Tab Preference Use this preference to...

Default Various Set how the various entity types in the model are to be

Display displayed:
® Triangle element.
® Beam element.
®  Tetrahedral element.

e Node.

e  Surface.

®  Region.

e STL facet.

e Curve.

For elements, the display styles available include;

e Solid.

e  Solid + element edges.

® Transparent.

® Transparent + element edge.

e  Shrunken.

These display settings affect all currently open studies, and all
studies subsequently opened.

The display options can also be set on a per-layer basis via the
Display button on the Layers pane. Layer-based settings
override the global settings in the Preferences dialog;

Viewer Lighting Set the level of shading in the model display window. By
default, the Light shading is set to a maximum, (slider all the
way to the right). This may not be the best setting for mesh
editing. The maximum setting will create a dark shadow for
elements when viewing them at a low angle. Setting the lighting
to about 1/3 maximum is normally more acceptable. Results are
often viewed best at higher values.

Results Default results | Set the default results to show in the Study Tasks pane when an

analysis is complete. To add more results to the default results
list, click Add/Remove, then select them in the All Results list
and click >> to move them to the Default results list. There are
also options for overcoming memory limitations when viewing
results for large models.

Entity selection methods

There are several methods of selecting model entities in order to manipulate them in

some way. The most common way is to use the Select icon M, found on the viewer
toolbar. This tool is often used in combination with other tools. Selecting entities is done
for a variety of reasons including:

e Select an entity to fix a mesh problem.
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e Assign the entity to a different layer.
e Assign properties to elements.

The methods for entity selection include:

Table 13: Methods of selection

Icon Description

M Click on an element.

M Click and drag the mouse to band-select multiple entities. This will select all
entities through the model that are touching or inside the banded boundary.

M Hold down the control key to select multiple entities or banded regions.

i Band-select facing items only.

Band-select enclosed items only.

Hold down the shift key to de-select by banding.

Band-select a circular area

Band-select a polygon of the users definition.

Select entities by their properties. This can also be accessed by CTRL+B.

A

The selection methods are available in the Edit menu or on the Selection toolbar.
Selected elements are shown in a color defined by the Active selection color option in
the General page of the Preferences. The default color is pink, see Figure 45.

Several selection methods can be used at the same time. A banded selection can be used
for making a selection. Then by holding down the control key, the banded selection can

be used again. When the control key is depressed, individual elements can be selected by
clicking on them.

IRAVARN Y

WAWANTANIAN

Figure 45: Selected elements

Entity selections can also be saved as a list in the Select Saved Selection List on the
Selection toolbar, shown in Figure 46. When entities are selected on a model, the entire
list of entities is updated into the Select Saved Selection List field.
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Figure 46: Selected entities listed in Select Saved Selection List

To save the list, select the Save Selection List icon ﬂ and enter a name. To retrieve
the saved list for use at a later time, click on the drop-down arrow and select the name
that you entered. This is a useful feature if you are performing repetitive tasks with the
same group of model entities.

The selection list is integrated with the modeling tools. Notice that the saved selected
entities are available for selection in other dialogs as shown in Figure 47.

x|

Tasks Tools |

Toolbox
{f& L& LR BB NE

Transzlate F2 - ..
| = |

" Apply X Cloze Help

Input Parameters

Select |T'|'|'|3T'|114T'|115T112j ta move

center I-
Wector [#.y.2]: M

Figure 47: Selection list usage

Working with properties

Properties are characteristics of entities in a model, typically elements. They are grouped
together depending on the type of entity. For instance, there are different properties for
beam elements that are used to define runners, gates, sprues, water channels etc. There
are also properties for triangular elements that are used to define midplane or Fusion
models.

When working with properties, there are two basic approaches: edit an existing property
or create a new one. The preferred method to use depends on the situation.
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Editing properties

To edit an existing property, select one element that has a property you want to edit.
Click the right mouse button and select Properties at the bottom of the context menu.
This can also be done with the menu command Edit*Properties. Notice a check box
called “Apply to all entities that share this property” as shown in Figure 48. This will
highlight all elements on the model with the same property. Edit the properties on the
various tabs as required, then click OK. All the elements will be updated with the new
model property.

Uncheck the “Apply to all entities that share this property” if you would like to
change the properties of just the highlighted entities.

Part surface {(Fusion) e b

Fart Surface Properties | told Properties |

.~ Thickness

— Fusion Type
IAutD-determine j

Occurrence number |'I [1:25E]

[ Exclude from clamp force calculation

Marme |Fusinn Part Surface 3 2mm

v Apply to all ertitiss that share this property

(] I Cancel Help

Figure 48: Part surface properties dialog

Creating a property

Sometimes, editing a property will not accomplish the desired outcome. In this case, you
may want to create a new property and assign it to specific elements. For instance, you
may want to change the thickness of some elements to create a flow leader.

To create a new property:

1. Select the group of elements for which you want to create a property.
2. Select the menu command Edit ® Assign Property.

3. Click New in the Assign property dialog, as shown in Table 49.

4. Select the type of property that you want to create.

e The actual entries displayed in the list will dependent on the entity type to which
you are apply a new property, and the mesh type (Midplane, Fusion or 3D).

5. Enter the property values into the dialog as required.
6. Enter a unique name for the property in the Name text box.

e This makes it easy for you to distinguish properties that you created from those
created automatically by Synergy.

64 Chapter 4



7. Click OK twice.

Assign Property

o

— Triangular Element

I Dezcrption

| Type

¢ Fugion Part Surface 9 2mm

1]

1 Fuzion Part Surface 8 1.5mm | Part surface [F

Part surface [F

Select... vl

Part surface (Fusion)

Part surface (Midplane)
Parting surface

Cold gate surface (Fusion)
Cold gate surface (Midplane)
In-mold label

Mold block surface

Mold insert surface

Part insett surface (Fusion)

| ©
Edit. |

Figure 49: Assign Property dialog

Model manipulation

The tools that are commonly used to manipulate the model are summarized in Table 14.
These tools ate located on the Viewer, Viewpoint, Precision view and Standard
toolbars, as shown in Figure 50. They are also available in the context menu that appears
when you right-click in the display window.

Table 14: Popular tools and their descriptions

Tool Name Description
Rotate Dynamically rotates the part.
Pan Moves the part within the display.

Banding zoom

Zooms in an area that you select by banding,

Dynamic zoom

Increases/decreases the model magnification as you hold the
left mouse button and drag the cursor up or down the screen.

Bl = 2B ER

Center Moves the location that you click on to center of the screen.
This will become the new center of rotation.
Measurements Measures the distance between two nodes ot any other

location, on the model. The part can be manipulated between
picks.
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Table 14: Popular tools and their descriptions

Tool

Name

Description

Fit to Window

Re-sizes the model so the whole part fills the screen.

View

Series of icons to rotate the model to preset rotations. There
is also a text box to enter any arbitrary rotation.

Incremental pan

Series of icons for panning the model in a particular direction
by a small increment.

EAN=ARE

Incremental zoom

Series of icons for rotating the model about a particular axis
by a small increment.

Ly

Incremental rotate

Series of icons for rotating the model about a particular axis
by a small increment.

Cutting plane

Opens a dialog to define and activate a cutting plane to see
inside the model.

s

Move cutting plane

Open a dialog to move the active cutting plane. It can be
moved manually or animated by entering an incremental
value.

a

Query results

Click on a result or diagnostic to create a label indicating the
value at the location of the click. Hold the CTRL key down
to keep the label displayed when multiple locations are

selected.

ﬁ Query Entity This does not have an icon by default. The command is
Modeling ® Query entities. Select one entity and it will
display information about the entity information includes:
® Triangular element - Nodes, Layer, Thickness.
®  Nodes - Coordinates, Layer.

e  All other entities, Layer.
Select more than one entity to place on an layer. Enter the
entity’s number as well.

= | Undo Reverses the last action done

Redo Reverses the last undo action

Action History

Shows a list of the most recent actions and allows you to
reverse or restore them.

G | 2 olai] o] %« |+ |imi| BB E|E]bs[ms]6

@] 0| =|+]m

@ 3|0 3|6|@)| [0

| @l%'view1 |

0| @] o] &5 | | @] 60| 9| @] | £

Figure 50: Manipulation tools
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What You’'ve Learned

Synergy is the User interface for MPI. It has all the tools necessary to:

Import a model.
Mesh the model.
Clean up the mesh.
Set up an analysis.

Review results.

There are many ways that commands can be accessed including:

Main menu.

Panel

> Project View.

> Study Tasks list.
> Layers Pane.
Context menus.

Toolbars.

Most commands have several methods to activate them.

Synergy provides a comprehensive set of user preferences and customizable toolbars so
that users can tailor the program to meet their specific requirements.
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CHAPTER 5

How to Use Help

Aim

The aim of this chapter is to learn the many features of the MPI online help system.

Why do it

The MPI online help provides a wealth of information on using MPI, from solver theory
to how to interpret analysis results. This chapter will introduce you to the various ways
the help can be used.

Overview

In this chapter, you will be introduced and practice with accessing the many help features
provided in MPI/Synergy, including:

Help homepage.
Help contents.

Help index.

Help full-text seatch.
Panel/Dialog help.

Context-sensitive (What's this?) help.

Favorites.

Help commands.
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Theory and Concepts - How to use
Help

Accessing help

MPT’s help can be accessed in several ways depending on the information you want and
what you are doing, including:

e  Help menu.

e Help icons on toolbars.

e Help buttons on panels or dialogs.
e F1 key.

Help Menu

The help menu has a number of ways of getting information as shown in Figure 55
including:

e  Search help (main help page).
e What’s This?
e Keyboard Shortcuts.
e Tutorials.
e Moldflow on the web.
> Moldflow Homepage.
> Moldflow Community Center.
> Internet Auto Revision Update.
e About.
» This shows the build of software and other information needed when contacting

Moldflow Support.

? Search Help. .. F1
M2 what's This? Shift+F1
Kevboard Shorkcuts

Tukorials

Maldflowvs on the Web k

about, ..

Figure 55: Help menu

Help Icons

On the standard toolbar there are two icons used to access the help. They are:
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e The Search help icon E opens the main help interface.

e The What’s this icon E allows you to pick on a portion of the graphical interface
and get help on this specific topic. A small dialog will open with information about
the topic, as shown in Figure 56. This tool will work on individual fields within a
dialog or panel.

E? Moldflow Help -0 x|

S
The select All tool allows you to select all model
entities simultaneously,

Figure 56: Help from the What’s this tool.

Help buttons on panels or dialogs

On every dialog or panel, there are buttons to get information about the tool. All dialog
or panels will have a help button. Dialogs will also have its own What’s this button.
Figure 57 shows an example of the help buttons on the Generate mesh dialog.

bezh Mow
Job b anager
Cancel
Help

Advanced <«

A

Figure 57: Help buttons on a dialog

F1 key

The F1 key is a context sensitive help. It is normally used to display the help of a result
that is displayed on the screen.

Help home page

The help homepage as shown in Figure 58, has two sections, the navigation section on
the left and the information display on the right. The help dialog automatically tiles with
Synergy so when the navigation page is hidden, Synergy and the help do not overlap. This
allows you to keep the help open so you can refer to it while using synergy.
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Using MPI - | Troubleshooting = |

@ Using MPI

@ Freparing your model
@ “working with materials
@ Freparing for analyziz -‘;' =

What's Mew in MPI 6.0

@ Analyzing the part N MPI 5.0 Release Notes
@ Warking with results
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@ Glogzary —

@ Troubleshoaoting and design a Learn to use MPI

@ Theany reference

@ Salver erarzwarnings Automating MPI

@ Application Programming [nter
@ Caontacting Maldilow support

':':'F'l"’ight ”':ftice _ Error & Warning Messages
[7] Material testing services

Using &PI Commands

-

Cause and solution for solver
messages

Using Help
Getting the most out of Help

Did you knows...

—

Tao help vou interpret analysis results,
simply display the result and then press
F1.

F Mext tip

1 | ©

Figure 58: Help homepage

The home page has links to frequently used information very quickly including:
e What’s new in the current release.

e Tutorials.

e Automating MPL.

e Frrors & Warning messages.

e Using help.

e Tips.

e  Using MPI menu.

e Troubleshooting menu.
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Using MPI menu

The Using MPI menu has links to many procedural topics in the category of:
e Getting Started.

e  Analyzing the part.

e Design Advice.

e Results.

Troubleshooting menu

The troubleshooting menu has information that help you solve problems including:
e Hesitation.

e High volumetric shrinkage.
e  Overpacking,

e Racetrack effect.

e Unbalanced flow.

e Alir trap.

e Brittleness.

e Burn marks.

e Cracking,

e Delamination.

¢ Dimensional variation.

e Discoloration.

e  Excessive part weight.

e TFish eyes.

e [Flashing,

e  Flow marks.

e Jetting.

e Short shot.

e Sink mark. and voids.

Error & Warning Messages

When a solver generates an error the solver stops, and when a warning message is
generated the solver continues. In both cases, the error or warning code is listed in the
screen output file, along with a brief description. If you need more information on the
message, click on the Error & Warnings Messages link on the home page. The code
number can be entered in a search field and the warning or error will be displayed.
Figure 59 shows the search field, and Figure 60 shows and example of the results of the
search.
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|Find message number:

|700955 Go

Figure 59: Help error search

*EOWARNING 7O09EE ** Two elements are too close
Check element <elfement_number= in the <locations
and element <element_number= in the <focations
Dwring the boundary element integration
of the coaoling analysis, two elements
were found to be in too close proximity to
one another. If the distance between the
centroids of two elements is less than 10
percent of the average edge length of
gither triangle, then the warning is
triggered. This warning usually occurs
when two triangular elements af very bad
aspect ratios are adjacent to each other,
Explanation: &nother common cause is between two
adjacent triangular elements of good
aspect ratio that form a fold in the part
and consegquently have a very small
included angle between the two elements.
With Fusion meshes, this warning could
arise when the part thickness is very thin
and the opposing triangles are too large.
This warning may also arise if a coaling
circuit element intersects a triangular
element.
Locate the elements specified in the
message using Modeling-=Query Entities,
then select Mesh-=Aspect Ratio
Diagnostic and check the aspect ratios of
those elements. If the aspect ratios are
very high, then the elements require
modification. If the two elements form a
fald in the part, then the angle between
the two elements needs to be increased
by modifying the model. If the problem
relates to two opposing Fusion elements,
then the part has to be re-meshed with a
smaller edge length. If the problem is due

Cause/fCure:

Figure 60: Help warning explanation

Using help

The link on the home page called Using help provides detailed information about how to
use the help system. In particular, how to search using boolean operations.
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Help contents

On the navigation section of the help there is a Contents tab. Click it to display the help
organized as a table of contents. This organizes the help according to topic. Figure 61
shows the contents at its first level some topics are several levels deep. This is a good way
to get an overview of the topics covered in the help. Using the Contents is particularly
efficient when looking at the Theory reference, and the Glossary.

@ Homepage
@ Felease Motes
@ Using MPI
@ Freparing vour model
@ working with materials
@ Freparing for analysis
@ Analyzing the part
@ working with results
@ Creating reportz
@ Glossary
@ Troubleshooting and design advice
@ Theow reference
@
@ Application Programming Interface [AP1)
@ Contacting Moldilow support
@ Copyright notice
[7] Material testing services

Solver emorsdwarnings

Figure 61: Contents page of the help

Help index

The index tab on the navigation side of the help displays the index for the help. Like a
book index, keywords are listed in the index. Enter a keyword or words and the index will
go to that part of the index. Figure 62 shows an example of using the help. As letters are
typed, the location in the index is changing. Click on an entry to see the help.

Contents  Index ISearchI Faw:uritesl

Type in the kewword to find:

Ishear 1

30 re=sul

bk, result

rnarirnLm result

result
shear stress

at wall result

rnasimum result

rarimum shear rate location

marimum zhear rate strezs location
ghell elementz, Moldflow stress analysiz
ghart zhat problems

Figure 62: Index page of the help
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Help full-text search

The search tab allows you to search all the text in the help topics. To aid in the searching,
several operators are used with the search including:

AND (default)

» Searching for injection and molding lists topics that contain both keywords.
> Removing the and will result in the same output.

OR

» Searching for injection or molding lists topics that contain either or both
keywords.

“Phrase”
> Searching for injection molding lists topics that contains the exact phrase.
NOT

> Searching for injection not molding lists topics that contains injection but does
not contain molding;

NEAR

> Searching for injection and molding lists topics that contain both keywords in
close proximity to each other.

Favorites

The favorites tab allows you to add the currently displayed page to a list of bookmarked
pages. The title of the topic can be set. Click the Add button to create the bookmark.
Double click the bookmark to go to the page or highlight it then hit the display button.
Highlight the bookmark and hit the remove button to delete the bookmark.

Help commands

The toolbar of the help window has the following commands as shown in Figure 63
including:

Hide - 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.

RGN A R

Hide Back Fomward Home — Font Print

Figure 63: Help window commands
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What You’'ve Learned

Accessing help is done a number of ways including:
e Help Menu.
e Help Icons.
e Help buttons on panels or dialogs.
e [1 key.
Help’s homepage is has a number of links to useful information including:
e Menus with commonly accessed subjects:
> Using MPI menu.
» Troubleshooting menu.
e What’s new in a release.
e Tutorials.
e  Automating MPL
e Error & Warning Messages.
e  Using help.
e Tips.
The help has a navigation pane that includes:
e Help contents.
e Help index.
e Help full-text search, that can be used with the operators:
AND (default).
OR.
“Phrase”.
NOT.
NEAR.

vV V¥V VY VY VY

e TFavorites

The toolbar for the Help window has the following commands:
e Hide.

e Back.

e Forward.

e Home.
e Font.
e Drint.
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CHAPTER 6

Quick Cool-Flow-Warp
Analysis

There is no theory and concepts for this subject.
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CHAPTER 7

Flow Analysis Steps

AIm
To review the steps involved in running a flow analysis.

Why do it

Every part that is analyzed has a different set of objectives. However, the basic procedure
for performing the analysis is the same. An understanding of the basic steps is required,
so when a specific problem is determined, the steps needed to solve the problem can be
identified.

This chapter will look at the procedures needed to get a flow analysis done. How a flow
analysis fits in with a cooling and warpage analysis is also examined.

Overview

To determine the analysis steps necessary to complete a project, a clear understanding of
the problem or objectives of the analysis ate required. This is the most critical step of the
process. Once the problem is understood, determining the steps required to solve the
problem is an easy task.

This chapter will concentrate on filling related problems. Most issues that are addressed
with MPI are solved or significantly influenced by filling of the part. This chapter will also
discuss packing and to a lesser degree, cooling and warpage.
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Theory and Concepts - Flow Analysis
Steps

Moldflow Design Philosophy

Early developments at Moldflow not only included software, it also developed a strong
design philosophy for using the software. At the heart of this Moldflow design
philosophy is the Analysis Sequence. Below there is a discussion of analysis steps that
are required to complete the project. The undetlying principle behind this is the analysis
sequence. The analysis sequence says you should conduct the analysis in the following
order:

1. Determine the number of gates.
e This is primarily driven by pressure requirements.

e The pressure required to fill the part should be well under the capacity of the
machine.

e A conservative guideline is that the fill pressure for the part should be half the
machine pressure. For a typical machine, this is about 70 MPa (10,000 psi).

e Add gates as necessary to reduce the pressure to fill.
2. Position the gates for balanced filling,

e The gate position should produce a balanced flow front within the part, with no
underflow or over-packing effects.

e If the filling pattern cannot be balanced by changing the gate position, flow
leaders or deflectors can be used to balance the flow.

3. Ensure the flow pattern is unidirectional.
e The filling pattern should be straight and uniform.

e In addition, there should be no problems with hesitation, underflow, or weld
lines.

4. Design the runner system.

e The runners should be designed in such a way as to aid in achieving the required
flow pattern.

e Runners may need to be sized to achieve the desired filling pattern on larger
multi-gated parts.

e They should be balanced, and have minimal volume.

The first 3 steps can be regarded as part optimization. They should always be done first.
They can't be considered in isolation, they must be considered together. When adding
additional gates, consideration must be given to the position of the gates and the effect
on balance and fill pattern. Of course, considerations of the tool layout and restrictions
on gate locations must be evaluated.
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The design of the runner system should complement the part optimization. Runner
systems should be designed so that the runners don't limit the cycle time, or control the
process. For instance, if the runner diameters are too large, the cooling time of the
runners will control the cycle time of the tool. If the runners are not well balanced, it is
possible to compensate for the poor balance by controlling the injection time, however
the processing window will be narrowed significantly.

Project Design Procedure Using Moldflow

When using Moldflow to optimize the design of a part or to troubleshoot a problem, the
following procedure should be followed.

1. Determine the analysis objectives for the project.

e The most important part of the project is to have a clear idea of the intended
outcomes of the analysis. This point can’t be over emphasized.

e  What problems are to be solved or prevented?
e  Why does the analysis need to be done?

e Without clear objectives for the analysis, the time spent on any analysis is not
well spent.

2. Discuss the project with all disciplines involved in the project.

e There are 4 main groups of people that should be involved with the analysis.
They include:

> Materials.

> Part design.

> Mold design/build.

> Production/processing.

e Normally, the analyst is in one of these groups. Rarely if ever, however, is the
analyst an expert in all of these areas.

e Itis important that the needs, concerns, limitations, etc. of each group be
identified and considered when doing the analysis.

3. Utilize your previous experience when working on the project.

e The analyst must draw on previous experiences from other analysis projects, and
his/her general engineering knowledge, when working on a project.

4. Apply the Moldflow Design Principles.

e When working on the project, it is important that the analyst apply the Moldflow
Design Principles to prevent and/or minimize problems with the part caused by
not taking into account polymer flow behavior.

5. Apply the Moldflow Design Rules.

e Apply design rules when interpreting the results to avoid or minimize such
problems as excessive temperature loss during filling, or shear stress and shear
rate limits for the material being exceeded.
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6. Interpret results and make changes where necessary.

e Using MPI to optimize the design of a part is an iterative process.

e Make changes based on careful interpretation of analyses already run.
7. Discuss changes with all disciplines involved in the project.

e When changes are made, make sure they are practical and acceptable to everyone
involved in a project.

e For example, one solution for solving a problem may be acceptable for the
tooling group, but it may not be practical or possible from the point of view of
production.

8. Repeat analyses until acceptable results are achieved.

e  Use MPI as an iterative tool. Many iterations may be required to come up with a
practical solution.

Optimize Fill

Filling is the most important phase of the injection molding process. If filling is not done
correctly, it is impossible to correct problems caused by filling issues in packing or
cooling. The basic procedures for doing a filling analysis are similar, even with the wide
variety of objectives. A typical analysis may include the following steps:

Determine the analysis objectives.
Prepare the finite element model.
Select the material.

Select the gate location.

Select the molding machine.
Determine the molding conditions.
Set the molding parameters.

Run the analysis.

S O L R O

Review the results.
10. Solve filling problems.

The steps listed above are shown in Figure 80. Several of these main steps have details
sub steps including:

e DPrepare the finite element model
e  Select the gate location
e Determine the molding conditions

Actually solving the filling issues identified can require many iterations going all the way

back to the CAD system because the part needs to be re-designed. The list of problems in
Figure 80 is an abbreviated list of the problems that can be solved with a filling analysis.

The steps ate described in more detail below.
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Optimize Fill

Possible | Determine
) Analysis
Solution Objectives Review
1 Results
1 Prepare
FE Mesh
' Fill N
2 Select Problems
Material Resolved?
I
Select
3 Gate
Location
]
Select v
Molding X
Machine Problem POSS|_bIe
I Solution
Determine Short Shot 1,2,3,4,5
4 Molding
Conditions Poor Filling Pattern 1,2,3,5
]
Poor Weld Lines 1,2,3,4,5
5 Set molding
Parameters Air Traps 1,235
[ .
High Stress 1,2,3,4,5
Run
Analysis High Pressure 1,2,3,4,5

@ High Clamp Force 1,2,3,4,5

Figure 80: Steps required to optimize the filling of a part

Determine Analysis Objectives

Every part that is analyzed has a different set of constraints in the form of objectives,
restrictions, and guidelines. These constraints must be taken into consideration when
doing an analysis.

The objectives defined for a part are as varied as the parts that can be injection molded.
However, below is a list of analysis objectives that you could have. Some are just flow
analysis related; others will require cooling and warpage analysis. Possible objectives
include:

e Wil the part fill?

e What material will work best for my part with regards to fill properties, i.e. pressure,
shear stress, temperature distribution, etc.

e What processing conditions should be used to mold this part?

e Where should the gate be located?
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e How many gates are required?

e Where will the weld lines be, and will they be of high quality?

e Wil there be any air traps?

e How thick can the part be made?

e Is the flow balanced within the part with the fixed gate location?
e Are ribs too thin to fill completely?

e Are ribs so thick that they shrink too much?

e (Can the part be packed out well enough?

e  Will this snap fit break during use?

e  (Can the part be filled and packed in the press specified for the job?
e Are the runners balanced?

e What size do the runners need to be to balance the fill?

e Is the runner volume as small as it can be?

e Is the gate too big or too small?

This is not a comprehensive list, but it gives you an idea of what can be done

Prepare FE Mesh

The sub step of preparing the finite element mesh is flow charted in Figure 81. The steps
include:

e Prepare the CAD model.

e Import the CAD model.

e Set the mesh density. This can be done both locally and globally.

e  Generate the mesh.

e  Evaluate the mesh.

e  Determine if the initial mesh is worth using or should the part be remeshed.
e  (lean up the mesh.

e Convert to 3D or midplane if necessary.
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Import CAD model

Set mesh densities, global & local
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Try 1

Generate mesh

Evaluate mesh

Initial mesh good?

Cleanup mesh

Fusion N

mesh?

Create
midplane mesh

Create 3D
mesh

O

»
<

End

Figure 81: Steps required to prepare a finite element model for analysis

Prepare the CAD model

For most CAD systems, the model needs to be cut in a format that is readable by

Synergy.

Import the Cad model

This is simply a file read function. It is just like opening a document in a word processor.
When you read in a format like STL or IGES, the geometry is imported but it can't be
used for analysis until it is meshed. In the case of mesh formats like Patran, you may need

to cleanup the mesh after importing,
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Set the mesh density, global and local

The global mesh density setting defines the nominal edge length for elements. The
smaller the global edge length, the larger the total number of elements on the model. The
global setting is the single most important setting to get an acceptable mesh on the part.
When NURBS surfaces are imported, there are several other options available to help
control the mesh density including local mesh densities. This is typically done to ensure
that small details in the model are propetly represented, while meshing most of the part
with a lower mesh density to optimize the total number of elements.

STL models are imported as a single entity, so you cannot set local mesh densities
immediately after importing. MPI does however provide a tool to create regions from
the STL model - local mesh densities can then be assigned to those regions.

Generate the mesh

Once the mesh densities and other options are set generating the mesh is just clicking a
button. The time required to mesh the part will depend on the size and complexity of the
part.

Evaluate the mesh

After creating an initial mesh, you need to inspect it to decide whether the quality of the
mesh is acceptable. If the mesh is not acceptable, the mesh density is too fine or too
course for the part as a whole. You should then remesh the part with a different global
edge length value. Sometimes the geometry in the CAD system should be changed to get
cleaner geometry read into Moldflow. The product Moldflow CAD Doctor may help in
preparing the geometry for import.

Clean up the mesh

After meshing with a suitable mesh density, you may need to clean up the mesh.
Normally some cleanup is necessary if the mesh was translated in from another system.
MPI provides a mesh statistics report to help you check the quality of the mesh, and a
series of diagnostic displays to locate and highlight specific problems. To help you clean
up the mesh, there is a Mesh Repair Wizard, and mesh cleanup tools. The Mesh Repair
Wizard is an automated tool that will find and fix most mesh problems. The mesh
cleanup tools include 20 tools for cleaning up the mesh. Some of these tools are fully
automatic, such as Auto repair and Fix Aspect Ratio, the others, however, are manual
tools for fixing specific problems.

Convert to 3D or midplane if necessary

If the mesh is not Fusion but 3D or midplane, additional steps are necessary. These
would include converting the mesh and ensuring the mesh is clean and ready to use for
an analysis.
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Select the material

To perform an analysis, you need to select a suitable material in the material database. In
most cases, the material to use will be prescribed so you need to locate that material in the
database and use it for all analysis work. In other cases, one of the analysis objectives may
be to determine a suitable material. There are several techniques available to find a
specific grade of material, assess the quality of the material data, find a substitute material,
and compare materials within the Select Material dialog;

Select the gate location

The gate location on the part may be fixed, there may be two or three choices, or the
optimum gate(s) locations may need to be found as a major part of the analysis process.
In each of these cases, you need to select an initial injection location. To decide on the
final gate location(s), you may need to run several filling, or even flow (filling + packing),
analyses.

Select the molding machine

Most analysis situations do not require information about a very specific make of
molding machine, so the default molding machine can be used. There may be cases
where specific molding machine information is required. The default molding machine
has an injection pressure limit of 180 MPa, (~26,100 psi). This is above the pressure
capacity for many molding machines. A good design rule is to ensure the pressure
required to fill the tool is at most ~75% of the machine capacity. If the exact machine is
not known, use a limit of 100 MPa, or 15,000 psi. You can define a custom molding
machine with this design limit, or simply use this value when interpreting the results. If
you do define a custom molding machine and the injection pressure limit is reached
during the analysis, a warning message is displayed in the screen output and the solver
modifies the injection profile to keep within the pressure limit.

The default clamp tonnage limit is set very high, at 7000 tonnes. If the clamp tonnage
could be an issue, you should select a specific molding machine. This can be done in one
of 3 ways:

e  Hdit the settings of the default molding machine for the current study. When the
study is duplicated, the settings will be part of the new study.

e  Select a specific molding machine from the machine database.

e  Select a generic molding machine from the machine database and modify the settings
as necessary.

J* A good design rule is to ensure the pressure required to fill the tool is at most ~75% of
the machine capacity.

Q If the exact machine is not known, use a limit of 100 MPa, or 15,000 psi.
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Determine the molding conditions

The molding conditions to use in an analysis may be mandated, at least as a starting point.
Alternatively, suitable molding conditions can be determined from a Molding Window
analysis, and then used, perhaps with slight modification, in subsequent filling analyses.
In addition to optimizing the molding conditions, a Molding Window analysis can also be
used as a quick initial analysis to compare materials or gate locations. You can save a
significant amount of analysis time by determining good processing conditions before
running filling analyses.

Set the analysis parameters

Analysis parameters, in addition to the “molding conditions”, include the velocity/
pressure switch-over point, the packing profile, the cooling time, solver settings, process
controller settings, the mold material, and others.

Default values for these analysis parameters are normally acceptable for an initial analysis;
however, depending on the problems found in earlier analyses and the objectives of the
analysis, these may need to be changed.

Run the analysis

This normally refers to a fill analysis or a flow analysis. A fill analysis stops when the part
volume is just filled to 100%. The flow analysis is a fill analysis but continues through the
packing and even cooling phases of the molding cycle.

You can identify and resolve a number of molding issues using fill analyses before
running a flow analysis.

Review the results

After the analysis is finished, the results are reviewed and compared to the analysis
objectives. Normally, problems are found, and/or “what if” questions arise, requiting
additional analysis.

Solve filling problems

Once a problem has been identified, solving the filling problems is typically an iterative
process requiring several analyses. This iterative process could have the analysis go back
all the way back to the CAD system for part re-design, or any other step after that.

To this point, the assumption has been the problem is filling related and not packing,
cooling or warpage. Optimization of the filling phase is the first step to optimize
problems primarily related to other molding phases.

Optimize Flow

The flow chart for optimizing flow is shown in Figure 82. Optimizing the Flow within
the part is just an extension of the filling, Additional steps include:

e Balancing the runners.
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e  Optimizing the cooling;
» This is optional but recommended.

e  Optimizing the packing profile.

Balance the runners

Once the filling of the part is optimized, the runner system can be analyzed, sized, and
balanced. This includes sizing the gate and sprue. Depending on the objectives of the
project, runner balancing may not be done. The project could end once the filling is done.
However, to do a complete analysis, a proposed runner system should be analyzed.

There could be several iterations to try different gate sizes, runner sizes/configurations
within this step.

Determine the packing profile

Once the runner system is sized, packing of the part can be investigated. Although a flow
analysis can be done without a gate or runner, it is not recommended if you are interested
in how the part is going to be packed out. The freeze time of the gate and runners
significantly affects the packing of the part. Without a runner and gate, the packing
analysis will be less accurate.

A cooling analysis should also be done before the packing is finalized. Heat transfer
dominates the packing process. The filling analysis assumes a constant mold temperature.
A cooling analysis determines the mold surface temperature distribution on the part
making the packing analysis more accurate if done.

158 Chapter 7



Optimize Flow

Optimize
Fill

Balance/
Size
Runners

Cooling
analysis?

N Optimize
Cooling
Optimize
Packing
Profile

End

Figure 82: Steps required to optimize the flow (filling + Packing) in the part

Optimize Part

Once the packing is optimized, the optimization of the part’s warpage is the last step.
This is shown in. Figure 83. Optimization of warpage is a complex process. This is shown
in Figure 84.
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Figure 83: Steps required to optimize the part

Optimize Warpage

To optimize warpage, all the other steps described above must be done. The better job is
of optimizing, filling, cooling, and packing, the better the warpage will be. When done
right, the warpage analysis is validation that the previous steps are done correctly.

Determine warpage magnitude

The first new step of warpage optimization after the previously described steps is
determining the warpage magnitude, as shown in Figure 84. This is the validation step.
To evaluate the warpage, there must be an understanding of how the warpage is defined
and what tolerances are associated with it. This is often the most difficult part of the
process.

Determine the cause of the warpage

If the warpage is out of tolerance, the next step in solving the warpage problem is
determining the cause. The cause of warpage is broken down into 4 causes including:
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e Differential cooling.

e Differential shrinkage.

e Orientation effects.
> For Midplane and Fusion this applies to filled and unfilled materials.
> With 3D, this only applies to fiber filled materials.

e Corner effects.

> This only applies to Midplane and Fusion.

Reducing the warpage

Once the cause of warpage is known, changes to the part, material or process can be
made to solve the warpage problem. This often requires many iterations.

(Optimize Warpage)

Determine Analysis objectives:
Warpage definition and tolerance

Optimize Fill or
|
Balance / Size P Or
Runners b
|
. Or
Optimize
Cooling
I
Optimize Or
Packing Profile
| - Reduce
Determine Warpage
Warpage
Magnitude
Determine
Warpage
Cause

Is Warpage
Acceptable?

Figure 84: Steps required to optimize a parts warpage
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What You’'ve Learned

The sequence of steps required to do a flow analysis depends very much on what the
objectives of the project are, and what analysis sequences are needed to achieve those
objectives. The basic steps for a flow analysis are:

Determine the analysis objectives.
Prepare the finite element model.
Select the material.

Select the gate location.

1

2

3

4

5. Select the molding machine.

6. Determine the molding conditions.
7. Set the molding parameters.
8. Run the analysis.

9. Review the results.

10. Solve filling problems.
11. Balance the runners.

12. Determine the packing profile.

At many of these steps, there could be iterations within the step, or iterations back to
earlier steps.

Additional steps are required when considering cooling and warpage. Cooling is normally
done before packing is optimized. While solving warpage problems, an iteration may
require you to import a revised part model which, in effect, means running through the
entire sequence again.
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CHAPTER 8

Model Requirements

Aim

The aim of this chapter is to understand the requirements of a good midplane, Fusion
and 3D model.

Why do it

To obtain accurate flow, cooling, and warpage results, it is critical to begin with a good
finite element model. By knowing what makes a good model for finite element analysis,
you will be more likely to create good models in your CAD system, and translating that
model for use in MPI will be easier.

Overview

In this chapter you will look at various parameters used to measure mesh quality. These
will include items from the mesh statistics including:
e Free edges.

e Non-manifold edges.

e  Mesh match ratio.

e Aspect ratio.

e  Connectivity regions.

e Mesh orientation.

e Intersections.

e Overlaps.

Specifically for a Fusion model, you will also look at how mesh density and defined
thickness affect the flow analysis. For 3D models, there are specific mesh quality
attributes that must be met also, including:

e Inverted tetras.

e Collapsed faces.

e Insufficient refinement through the thickness.
e Internal long edges.

e Tetras with extremely large volumes.

e Tetras with high aspect ratios.

e Tetras with a small angle between faces.
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Theory and Concepts - Model
Requirements

The requirements for Midplane, Fusion and 3D models are, in many cases, the same.
Often though, a Fusion model has more model requirements than a Midplane model. 3D
models are often built from a Fusion model, however, not all the requirements on a
Fusion model apply to 3D models.

A Fusion mesh is a collection of 3-noded triangular elements describing the surface of
the part. This is referred to as a Dual Domain mesh. It is sometimes called a double-
skinned mesh. The distance between the elements determines the thickness of the part.
The thickness is calculated automatically in Synergy and the analysis solvers. However,
Synergy does allow you to specify a thickness value and thereby override the
automatically calculated value.

A Midplane mesh consists of a web of 3-noded triangular elements that forms a 2D
representation of a solid model. The elements are normally on the center line, or mid-
plane of the part’s cross-section. Part thickness is specified as a property of the element,
and needs to be set for each element. Depending on how the Midplane model has been
constructed, you may need to manually set the thickness of the elements. Figure 85
shows the same part represented as both a Fusion and Midplane model.

The Midplane and Fusion flow solvers are very similar. The main difference is in how
they calculate the thickness of the part.

<

Fusion Model Midplane Model

Figure 85: Fusion and Midplane representations of a part

On the surface, a 3D mesh looks like a Fusion mesh. A 3D mesh, however, consists of 4-
noded tetrahedral elements arranged in layers through the thickness of the part. A
tetrahedral mesh does not require a thickness property as it is a true volume-filling mesh.
A 3D mesh can be created from a Fusion mesh in Synergy, or can be created directly
when importing certain CAD file formats.
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General mesh requirements

Below is a detailed description of the requirements. 3D meshes are often made from
Fusion meshes, so the mesh requirements for a 3D mesh are the same as for a Fusion
mesh, unless otherwise stated.

Edges

There are 3 types of edges a finite element model can have:
e Free edges.

e Manifold edges.

e Non-manifold edges.

Free edges

A free edge is an element edge that is not shared with any other element. A Fusion mesh
must not have any free edges. Free edges are displayed in red on the Free Edges
Diagnostic plot. Figure 86 shows a free edge on a Fusion model. In this case, the free
edge is caused by a rib that is not connected to the base of the part.

A Midplane mesh will have many free edges, for example, along the parting line or
around the edge of a hole. There may be cases where there is a free edge where there
should not be one - you have to manually check for this.

Figure 86: Free edge

Manifold edges

A manifold edge is an element edge that touches exactly one other element. This is the
only kind of edge a Fusion model should have. Midplane models will also have many
manifold edges. Both Fusion and Midplane models can have any number of manifold
edges. The mesh statistics will list the number of manifold edges. The total number of
manifold edges will depend on the size and complexity of the model. A 3D model’s
elements touch on the faces of elements not the edges so this does not apply.
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Non-manifold edges

A non-manifold edge is an element edge that touches two or more other elements, for
example, a ““T” shaped cross section. Fusion models should not have any non-manifold
edges, whereas Midplane models will have a non-manifold edge at every rib intersection
and many other junctions. Non-manifold edges are displayed in blue on the Free Edges
Diagnostic plot. Figure 87 shows a non-manifold edge on a Fusion model.

Hun-nmﬁf%

Figure 87: Non-manifold edge

Mesh match ratio

The mesh match ratio is a characteristic of Fusion models only. Figure 88 shows an
example of a matched and unmatched group of elements for the same geometry. The
matched elements will have a better thickness determination and lead to a more accurate
analysis. In Figure 88 you can see a comparison between a mismatched mesh (left), and a
matched mesh (right). Elements in a Fusion model should be matched to an element on
the other side of the wall thickness. To obtain acceptable simulation results, the mesh
match ratio should be above 85% for a flow analysis, and above 90% for a warpage
analysis. If the mesh match ratio is not high enough, it is generally an indication that the
mesh density is not high enough, or the part is a bit too chunky for Fusion. A chunky part
is best represented by a 3D model.

Unmatched mesh Matched mesh

Figure 88: Mesh Match shown by using transparent elements
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The Mesh Match Diagnostic plot in Figure 89 shows elements that are matched (blue),
unmatched (red) and edges (green). Edge elements should only be elements that form the
edge of the part. Unmatched elements are normally found on both sides of the outside
corner of a part. If edge or unmatched elements are found elsewhere in the model, this
may lead to problems in the simulation.

Ilesh Match

Untnatched

Edze

Ilatched
Figure 89: Match ratio diagnostic

Reciprocal match ratio

For warpage analysis, the reciprocal mesh match ratio should also be high, that is,
above 90%. The reciprocal mesh match ratio is the percentage of all element matches
where one element is matched to a second element and the second element is matched
back to the first element, as shown in Figure 90. This may prove difficult to reach in
models that contain ribs and/or curved surfaces. In some cases you may only reach 85%,
but the higher the percentage, the better the result.

1 3 1 3
L - o L - o
B » n [ i il
2 4 2 4
Reciprocally matched Matched but not

reciprocally matched
NOTE: Nodes do not have to be
aligned to be reciprocally matched

Figure 90: Reciprocal match
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Aspect ratio

The aspect ratio for a triangular element is the ratio of its longest side (L) to its height (h),
as shown in Figure 91. The lower the aspect ratio, the better. The average aspect ratio
should be below 3:1, and the maximum should be below 6:1 for Midplane and Fusion
models. This is difficult to achieve in practice for complex Fusion models. When creating

a 3D mesh from a Fusion mesh, the maximum aspect ratio before conversion should
ideally be below 30:1.

h

L

Figure 91: Aspect ratio

The higher the aspect ratios, the more probable they will have a negative impact on the
analysis results. Flow analysis is the least sensitive to aspect ratios, whereas cooling and
warpage analysis are far more sensitive. If the aspect ratios are too high, solver
convergence problems can occur. This can lead to illogical results or, in severe cases,
cause the analysis to fail.

Lowering the element aspect ratios is a very important objective in improving mesh
quality. It is normally the most time consuming part of model preparation. Good CAD
design will prevent the worst aspect ratio problems.

In Figure 92 below, the corner of the part has a small radius that is causing many high
aspect ratio elements. This is a problem that should be fixed. In the Aspect Ratio
Diagnostic plot, high aspect ratio elements are identified by a colored line projecting
outwards perpendicular (normal) to the element face. The color of the line indicates the
magnitude of the aspect ratio value, as displayed on the plot legend.

Figure 92: High aspect ratio elements
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Connectivity regions

A connectivity region is a group of elements that are connected together. A Fusion,
Midplane or 3D model must only have one connectivity region for the part as shown in
Figure 93. For some CAD models, groups of entities may be disconnected from other
parts of the model during model translation. This is a problem that must be fixed. The
Connectivity Diagnostic plot shows the number of connected regions. A part model
must only have one connectivity region.

When water lines or other cooling features are added, more than one connectivity region
will be present. In this case you must account for each individual circuit in the count.
Normally, the part model is cleaned up before water lines are added, so you will know
that there is only one connectivity region.

Entity counts----------—————--——-—-——--————-
Surface triangles 2812
Hodes 1482
Beans 8
Connectivity reqgions 1
Hesh volume 8.874 cm”3
Hesh area 123.974 cm™ 2

Figure 93: Connectivity regions count in the Mesh Statistics

Mesh orientation

Orientation determines the top and bottom side of an element. Some CAD systems call it
defining the normal. The orientation for midplane models needs to be consistent for
viewing results. Element orientation can be checked using the Orientation Diagnostic
plot. In the Orientation Diagnostic plot, each element is colored according to its
orientation: blue for the top side; and red for the bottom side. Figure 94 shows the
orientation of a Fusion model. For Fusion models, the outside of the model must always
be the top side (blue). In this case, there is one element that is not oriented correctly. The
Orient Elements command is a Global Mesh Tool found in the toolbox, can be used to
fix orientation problems.

Tetrahedral elements are space-filling and therefore do not require orientation. When
generating a 3D mesh from a Fusion mesh, you should always first ensure that the Fusion
mesh is oriented correctly.

Figure 94: Mesh orientation for a Fusion model

170 Chapter 8



Intersections

The mesh diagnostics distinguish between two types of intersection-related errors:
intersections and overlaps. An intersection is when one element passes through the plane
of another element as shown in Figure 95. An ovetlap is when two elements are in the
same plane, and their faces fully or partially overlap as shown in Figure 96.

sfIntersections

Figure 95: Intersections

Owerlaps/Intersections

Intersections

Figure 96: Overlaps

When importing CAD geometry, it is important to ensure the geometry is good and not
corrupt, as corrupted CAD geometry often leads to a poor mesh. Should this be the case,
most intersections and overlaps can be fixed with the Mesh repair wizard.

Zero area elements

Sometimes when importing a poor quality CAD model, or in the process of cleaning up a
mesh, zero area elements are created that look like a line, as shown in Figure 97. The
Zero Area Elements Diagnostic plot highlights the nodes on the element. The zero area
element diagnosis is based on a user-specified edge length tolerance. It is possible for a
very small equilateral triangle to be identified as a zero area element as shown in

Figure 98. These elements can be caused by very small detail on the part or mesh cleanup
problems. Small elements should be deleted.
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Figure 97: Zero area element caused by a collapsed element

Figure 98: Zero area element caused by a very small element

Thickness representation

For both Fusion and midplane meshes, it is very important to ensure that the thicknesses
in the part are accurately represented. For a midplane mesh, thickness values have to be
assigned explicitly for midplane meshes. For Fusion meshes, however, thicknesses are
calculated automatically. There is an option to manually assign thickness and override the
automatically calculated value. Figure 99 shows the cross-section of a part with a dotted
line representing the center line of the main component. Figure 100 shows the
automatically calculated thickness for a Fusion mesh. The cross-section of this part is
very “chunky”, therefore the thickness in the part is not represented well. This geometry
is best represented by a 3D tetrahedral mesh. The mesh matching on this part is not
good. The mesh match ratio may have a high percentage, but the matching does NOT
represent the thickness well at all. The 6 ribs on the sides and top of the part are wider
than they are high. In all of the ribs, the thickness of the rib has been considerably over-
estimated.

Figure 99: Part cross-section
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Figure 100: Thickness representation of a part

For Fusion parts with more “shell” like geometry, the thickness should still be checked
and modified if necessary. When assigning thickness values to edge elements, a thickness
of 75% of the face should be used. For example, if the nominal wall of a part is 2.0 mm,
the edge elements connecting the top and bottom faces should be assigned a thickness of
1.5 mm.

Chunky geometry

A part or portion of the part is considered to be chunky based on its width to thickness
ratio. Hele-Shaw model used for midplane and Fusion models assume there is no heat
transfer from the edge of the element. For a ratio of 10:1 only 9% of the perimeter is the
edge. When the ratio drops to 4:1 the perimeter percentage is 20. When the ratio is 2:1,
33% of the perimeter is the edge. Experimentation has determined that there is a
significant loss in accuracy if the ratio drops below 4:1. Triangular elements should not be
used in these situations. Beam elements can be used, or a 3D tetrahedral element can be
used.

TH

10x TH 4x TH 2x TH

Figure 101: Thickness to width ratios
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3D Mesh tetrahedral mesh specific requirements

Inverted tetras

A tetra (tetrahedral) element has four triangular faces. Each face can be shared by another
tetra. The nodes of the two tetras not on the face must not be on the same side of the
face, otherwise they are called inverted tetras. Figure 102 shows an example of two tetras
that are correct and then not correct.

Correct Inverted
Node 1 and 2 on the same
side of the face shared by the
two elements

Figure 102: Inverted elements

Collapsed faces

A collapsed face occurs when a node is used two faces or surfaces of the part. The local
thickness is zero. This cannot occur and must be fixed. Figure 103 shows an example.

Figure 103: Collapsed faces

Number of tetrahedral element layers

For a 3D tetrahedral mesh, there should be at least 6 layers of elements through the
thickness. An example is shown in Figure 104. If the material is fiber filled and a fiber
flow analysis is going to be used, then a minimum of 8 layers should be used. To keep the
aspect ratio low enough, the global edge length should be two times the wall thickness at
a maximum.
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Figure 104: Layers through the thickness of a 3D tetrahedral element model

Internal long edges

An internal long edge is an edge that is too long compared to the average edge length on
corresponding surface. Edge length ratio, maximum internal edge length at an internal
node vs. average surface edge length in the local area, is used as the criteria and its default
value is 2.5. Ratios greater than 2.5 should be eliminated

Extremely large volumes

Elements that have a volume of more than 20 times that of the average element volume
are considered to have a large volume. These elements must be broken up and made
smaller.

High aspect ratios

The maximum aspect ratio for a tetrahedral element is 50:1. Preferably, the aspect ratio
should be lower. When converting from a Fusion mesh to a 3D, a lower the surface
mesh’s aspect ratio will tend to help lower the tet mesh aspect ratio.

Small angle between faces

Nodes on tetrahedral elements should have similar spacing between the 4 nodes. When
one node of an element is close to the plane formed by the other three elements the angle
between the faces gets very small, as shown in Figure 105. Elements with small angles
cause convergence problem. The minimum angle is 2 degrees. Small angles become a
bigger issue the more layers that are defined. The global edge length needs to get smaller
as the number of layers increases to prevent this issue.

Node close to
the plane of
the other 3
nodes

Normal tetra element Flat tetra element

Figure 105: Tetra element with a small angle between faces
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Mesh requirements summary

The mesh requirements described above for Fusion, 3D and Midplane mesh types ate
summarized in the following table.

Table 16: Summary of mesh requirements for the three mesh types

Mesh Issue Fusion 3D Midplane
Free edges Must NOT have any | Same as Fusion Are valid at boundary
of holes and parting
line.
Non-manifold edge Must NOT have any | Same as Fusion Are valid at “T” cross-
sections. e.g; ribs
Manifold edge Only type of edge Same as Fusion Same as Fusion
allowed
Match ratio > 85% for flow, Not Applicable Not Applicable
> 90% for warpage
Reciprocal Match > 90% for warpage Not Applicable Not Applicable

Aspect ratio

Average < 3:1,
Maximum <6:1

< 30:1 on Fusion
mesh before
conversion

Same as Fusion

Connectivity regions

One group for the
patt

Same as Fusion

Same as Fusion

Element orientation

The top (blue) side of
the element pointing
outward

Same as Fusion before
conversion

Consistent mesh
orientation

Intersections Must NOT have any | Same as Fusion Same as Fusion
Ovetlapping elements | Must NOT have any | Same as Fusion Same as Fusion
Zero area elements Must NOT have any | Same as Fusion Same as Fusion

faces

Thickness Must have thicknesses | Not Applicable Same as Fusion
representation properly modeled
Inverted tetras Not Applicable Must NOT have any | Not Applicable
Collapsed faces Not Applicable Must NOT have any | Not Applicable
Number of 3D layers | Not Applicable 6 layers typically OK, |Not Applicable
8 better for fiber
orientation
Internal long edges Not Applicable <2.5:1 Not Applicable
Extremely large Not Applicable <20:1 Not Applicable
volumes
High aspect ratios Not Applicable < 50:1 Not Applicable
Small angle between | Not Applicable > 2 degrees Not Applicable
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Mesh density considerations

It is generally easy to achieve a mesh density that can provide good pressure predictions.
It does not take a fine mesh to accurately predict pressures. Filling effects, however, can
only be accurately predicted if the mesh is detailed enough to capture relevant details of
the model. Three important considerations include:

e Hesitation.
e Air traps.
o  Weld lines.

These issues represent common mesh density related problems. If the mesh is not fine
enough, the analysis will not pick up these problems.

Hesitation prediction

Hesitation is a slowing down of one area of the flow front compared to another. To some
degree, a small amount of hesitation can be designed into the mold, as is done when flow
leaders or artificially balanced runners are used. However, to pick up these or any other
type of hesitation effects, a fine mesh is required. The top portion of Figure 106 shows
the effect on the predicted filling pattern when the mesh is not fine enough. The center
section of the part is Imm thick, the top is 2 mm and the bottom is 3 mm. Cleatly, with
the coarse mesh there is no lagging in the thin middle section. The bottom portion of
Figure 106 there is at least 3 rows of elements across each change in thickness. A much
better hesitation pattern is evident in the predicted flow front.
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Figure 106: Hesitation prediction with a fine and coarse mesh

3" To ensure that hesitation effects are correctly predicted, there should be at least 3 rows of
elements across any major change in thickness.
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Air trap prediction

Air traps on a part are often caused by hesitation due to changes in wall thickness. The
prediction of air traps will only be as good as the mesh density allows. With a coarse mesh
in a thin area, air traps will not be predicted or displayed. With a fine mesh air traps are
predicted. In Figure 107 below, the nominal wall is 2.5 mm and the thin wall is 1.25 mm.
The thin area in the center of the part. Notice with the coarse mesh that no hesitation is
predicted in the thin section, whereas hesitation is predicted with the fine mesh. This is
shown by the relatively straight contour lines through the thin area in the top portion of
Figure 107, while in bottom portion, the contour lines encircle a node.

Figure 107: Air trap prediction with a coarse and fine mesh

Weld line prediction

" e

A weld line is formed when the polymer flow front separates and comes back together.
This occurs around holes, and with multiple gates. In a simulation, weld lines are formed
at nodes. When a weld line is predicted at two or more connected nodes, a line is drawn
between the nodes. Weld line prediction is very sensitive to mesh density issues.
Therefore, when weld line information is required, a fine mesh is essential as a coarse
mesh does not always indicate the presence of weld lines. In the top portion of

Figure 108, the mesh is coarse. The resulting filling pattern predicts a weld line around
the first hole, but not the second due to the mesh density. In the bottom portion, the
weld lines are predicted around both holes.
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Figure 108: Weld line prediction with a coarse and fine mesh

)" When reliable prediction of weld lines is critical, ensure those areas of the part where they are

most likely to occur are finely meshed.

Part details

To propetly represent a plastic part for flow analysis, there are 3 characteristics of the part
that need to be modeled accurately:

e Thickness.
e Flow length.
e Volume.

When these characteristics of the part are modeled accurately, the flow analysis will be
accurate.

Thickness

The wall thickness of the plastic part is the largest contributor to the pressure drop in the
part. It is the most critical characteristic of the part design to model for flow analysis. For
a Fusion model, the thicknesses are calculated automatically by default. The distance
between matched elements determines the thickness. For a Fusion model, elements on
the edge of the part are set to 75% of the thickness of face elements touching the edge. If
the thickness of a Fusion model does not accurately represent the thickness of the part,
try re-meshing the part with a lower global edge length value. The thickness of elements
can also be set manually. This should NOT be done if the model will then be used for
cooling and warpage as these solvers do not support manually assigned thicknesses.

The wall thickness of the plastic part is the largest contributor to the pressure drop in
the part.
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Flow length

The flow length in the part is the second most important characteristic to model for flow
analysis. The combination of wall thickness and flow length will determine the pressure
required to fill a part. For midplane, Fusion and 3D models, the flow length is not
explicitly calculated for a fill or flow analysis, but is for the molding window analysis. In
the case of a fill or flow analysis, as the flow front expands and moves further from the
gate, the flow length is calculated dynamically and recorded and used internally.

Volume

The volume of the part is calculated from the part shape, size, and wall thickness. The
accuracy of the volume calculation can be used gauge whether a midplane model has
been modeled accurately. Normally, the target is for the calculated volume to be within
5% of the true volume. The calculated volume for Fusion models will generally be more
accurate due to the surface mesh. The volume is important as it helps define the flow rate
needed in the part, and will significantly influence the pressure calculations in the runner
system. The volume of the part has little influence on the pressure drop within the patt
itself. When the runner system is added, the part volume will influence the flow rate in
the runners and therefore the pressure drop.

Comparing thickness and flow length

The graph in Figure 109 below summarizes the results from a series of analyses where the
thickness, flow length and were changed to see the effect on pressure. The parameters where
changed in increments of 20%. The thickness was reduced from 4.5 mm to 1.8 mm. The flow
length was increased from 100 mm to 180 mm. The thickness decreased from 125 mm to 25
mm. The parameters were changed so the pressure would increase from the base model. In
each case where the thickness or flow length changed, the volume of the part stayed the same,

11.25 cm® by adjusting the width. The matetial was a nylon, and the processing conditions did
not change for any of the analyses.

Itis clear from the graph that thickness has by far the greatest influence on the percent change
in pressure. Changing the volume has virtually no effect on pressure. The differences in
percent change between flow length and thickness may change a little with different processing
conditions and materials, but thickness will always have the most effect.
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Pressure vs Thickness and Flow length
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Figure 109: Effect of thickness, and flow length on pressure

Small radii

For both Midplane and Fusion models, the process variables (pressute, temperature,
shear stress, shear rate, etc.) are calculated from one node to another as the flow front is
propagated at a certain flow rate. As shown above in Figure 109, the biggest influences
on the pressure drop are wall thickness then flow length. Small features such as corner
radii that are significantly smaller than the nominal wall will have no impact on the
analysis. Figure 110 shows a radius in the corner of a part. These are the types or features
that are not needed for a model that will be using midplane and Fusion meshes. For 3D,
they can be modeled, but generally don’t have a big impact on the part.

Figure 110: Small corner radius

What effect does a small radius have?

A small radius slightly increases the thickness. Consider Figure 111 and Figure 112 below.
Figure 111 shows a part with a nominal wall thickness of 1.5 mm (0.059 in), a rib

thickness of 1.0 mm (0.039 in), and a 0.25mm (0.010 in) radius in the corner. The dots
represent nodes spaced a nominal distance apart for a Fusion model.
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Figure 111: T cross-section

Figure 112 shows a magnified view of the rib/wall intersection, and the radius is now
apparent. You can see that the radius is much smaller than the node spacing,

Figure 112: T cross-section corner

The minimum number of nodes that should be used if the radius is added is 3, but 4
would be better. With only 3 nodes, there are only two rows of elements across the
radius. For a Midplane model, the thickness of the radius would change about 0.125 mm
(0.005 in) for each of the two rows, and the width of each row of elements would be
0.125 mm (0.005 in). The resultant change in thickness or volume is insignificant. If this
were a Fusion model, these small elements would not be matched, or would be matched
incorrectly with another set of elements. The thickness would not be calculated correctly.

A bigger problem would be the very high aspect ratios caused by meshing the radii. With
the nominal spacing of the nodes as shown, the aspect ratio in the corner is about 25:1,
when it is preferable to keep the aspect ratio below 6:1. To fix this aspect ratio problem,
there would need to be a much finer mesh density around the corner, thereby
significantly increasing the number of elements. Assume you did not fix the aspect ratio
problem. The flow solver takes much longer to converge on high aspect ratio elements
than low ones. Adding the small corner radii adds little or nothing to the quality of the
analysis, and significantly increases the compute time and/or causes convergence
problems.

It is not possible to simulate shear around sharp corners in a Midplane, or Fusion model,
due to the assumptions of the model. Because the flow analysis calculates from node to
node, flow is within the plane of the element, or along the axis of a beam element. There
is no provision in the calculations for going around corners, sharp or otherwise.
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With a 3D flow analysis, however, the radii would affect the flow going around a corner.
The shear rate is higher on the sharp corner. This is a “3D” effect that Fusion and
Midplane do not pick up. Figure 113:shows the shear rate differences in a corner of a rib
with and without a corner radius. The shear rate is a little higher in the corner without the
radius, but it is only a very local influence on the part. To see the detail of the shear rate in
the corner, a very fine mesh was required. This high corner shear rate has very little
influence on the analysis as a whole with regards to pressure, temperature etc.

Figure 113: 3D shear rate in corner with and without radii

The important thing to remember is you must think of the “BIG” picture. When
modeling, the most important thing to get right is thickness, flow length, followed by
volume.

Compute time - mesh density - accuracy

Compute time goes up exponentially as the number of elements increases. As can be seen
in Figure 115, the pressure prediction for all of the models is within 7%, and within 3%
for all models except the 2 smallest models. The compute time, however, goes up over
800 times between the smallest model, and largest model. If you exclude the first 2
models, the compute time still goes up 82 times between the model with 4,030 elements
and the model with 58,750 elements. From the graph you can see that having a finer
mesh than is necessary is a significant waste in time. There must be a balance between the
mesh density and compute time. The mesh density must be sufficient enough to account
for the changes in the geometry, but adding more elements than necessary just adds to
the time required to get results without any gain in accuracy.

The part used to calculate the compute times and pressures is shown in Figure 114. The
computer used was a 2.8 GHz PC with 1 GB of RAM. The software used was MPI 6.0.
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Figure 114: Part used for calculating compute time
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Figure 115: Pressure change and compute time vs. model size
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What You’'ve Learned

To obtain good flow analysis results, the mesh must be good. All mesh types must be free
of mesh errors. In addition, meshes should have:

e Aspect ratios below the following limits.
> 06:1 for Midplane and Fusion.
» 30:1 for a Fusion mesh that will be converted to a 3D mesh.
» 50:1 for a tetrahedral mesh.

e The Fusion mesh match ratio must be above 85% for flow analysis, and above 90%
for warpage analysis.

e The thickness representation for Midplane and Fusion models must be accurate.

Thickness is by far the most important characteristic of a part to model to ensure
accurate pressure predictions.

To pick up significant changes in thickness, there should be at least 3 rows of elements in
such areas.

Once the above conditions are met, additional elements do not improve the accuracy, but
the compute time will go up exponentially.

Small features like corner blends and radii add nothing to a Midplane and Fusion analysis
except problems. For 3D they can be analyzed, but with a very high mesh density and
little overall change in the results.
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CHAPTER 9

Model Translation and
Cleanup

Aim

The aim of this chapter is to learn how to import a model from a CAD system, check the
model for errors, and then clean up any mesh problems that may be present.

Why do it

There are many ways to get geometry into MPI for running an analysis. Most of them
involve taking a model from a CAD system, reading it into MPI, meshing it if necessary,
checking the mesh quality, and finally fixing any mesh problems. The majority of the
models analyzed in MPI are imported using this method.

Overview

Translation and cleanup of a model involves these basic steps:

1. Import a CAD model in one of many usable formats.

2. Mesh the imported geometry.

3. Check the mesh for errors.

4. Use the Mesh Repair Wizard and mesh cleanup tools to fix the model.

These steps will be discussed in detail in this chapter. This chapter focuses on Fusion
primarily but also discusses how the translation process is different between Fusion and
midplane or 3D. The extra steps involved for prepating 3D or midplane models is also
discussed.
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Theory and Concepts - Model
Translation and Cleanup

Preparing a finite element mesh

The specific steps for creating meshes for analysis in MPI are listed below. Figure 116
shows these steps in a flow chart. These steps are described in detail below.

e Prepare CAD Model.
e Import CAD Model.
e Set Mesh Densities.

e Generate mesh.

e  Evaluate mesh.

e  Cleanup mesh.

<— Frepare FE mesh )
I

Frepare CAD rmodel o
[
Irmpart CAD model
I
Set mesh densities, global & local (e
I
Senerate mesh
I

Try 2

Try 1

Evaluate mesh

Initial rmesh good?

Cleanup mesh

Fusion
mesh?

Create Create 3D
midplane mesh mesh

I I I
L/

F Y

End

Figure 116: Preparing a finite element mesh flow chart
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Prepare the CAD model

Most models analyzed in MPI use a CAD model as their source. This geometry must be
free of errors. If errors exist in the CAD model, this will make the import more difficult.
Moldflow has two products that can help with the validation and cleanup of CAD
models. These programs are, Moldflow Magics STL Expert and Moldflow CAD
Doctor. File formats supported by MPI come in a variety of formats described below.

File Format Categories

Many model formats can be read into MPI. These formats include six categories.

Category One

This category includes formats where model data comes in and a mesh needs to be
created by Synergy. This is the most commonly used way of getting model data into MPIL
Formats in this category include:

e Stereo-lithography (.stl).
e IGES (.igs, .iges).

Category Two

The second category contains formats that are already finite element meshes, and can
possibly be used with little or no cleanup after importing. These formats include:

e IDEAS Universal, mesh only (unv).
e ANSYS Prep 7 (.ans).

e Nastran (.nas).

e Nastran Bulk Data (.bdf).

e Patran (.pat).

e Fem (.fem).

e Moldflow (.mfl).

e (C-Mold (.cmf).

Category Three

In this category, a special translator called “Moldflow Design Link/Parasolid” is
required. This translator requitres a special license. The translator provides added
capability to read in the following geometry formats:

e Parasolid (.x_t, .x_b, .xmt_xmb, .xmb, .xmt).
e STEP AP203 (.stp, step).
e Iges (igs, .iges).
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Category Four

The fourth category requires a “Moldflow Design Link/ProEngineer” license. This
license provides capability to read the following geometry formats:

e Pro/Engineer part files (.prt).
e STEP AP203 (.stp, step).
e Iges (igs, .iges).

Category Five

The fifth category requires a “Moldflow Design Link/CatiaV5” license. This license
provides capability to read the following geometry formats:

e (CatiaV5 part files (CATPart).
e STEP AP203 (stp, step).

e Jges (igs, .iges).

Category Six

The sixth category requitres a “Moldflow Design Link/Solidworks” license. This
license provides capability to read the following geometry formats:

e Solidworks 2005 part files (.sldprt).
e STEP AP203 (stp, step).

e Jges (igs, .iges).

File Format Considerations

STL Files

STL files are one of the most popular import file formats used to import models into
MPI. An STL file is a form of triangular mesh. However, the mesh is not suitable for use
in simulation. It needs to be re-meshed. It’s the primary advantage of the STL format is
that all solid modeling CAD systems export STL files and it has become an industry
standard format to use. Also, Because an STL is a form of a mesh, it approximates curved
regions with faceted surfaces.

Cad System Export Options For STL Files

Depending on the CAD system being used, there are many different options that can be
used to generate STL files. In general, you should choose the settings that will give you
the coarsest model without losing important detail. This is where the output can be
controlled. Having a fine resolution of the curve can add significant unneeded detail to
the part, as shown inFigure 118. Generally a low resolution is needed here. Depending on
the CAD system, some of the controls for an STL resolution are:

e Angle control.
e  Facet deviation.

e Chord Height.
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The formula for determining chord height is:

C = M/(1000 x Q)

C = Chord Height

p = Part surface

t = Tessellated surface
M = Diagonals of part bounding box

Q = Part quality (recommended 0.3, limits 0.1 to 1.0)

A oy
X~
; !

Figure 117: STL chord height definition

Fine STL Coarse STL

Figure 118: STL facet settings

All Geometry Formats

MPI can import complex geometry and retain the surfaces from many different formats.
Although surfaces cannot be constructed in MPI, it can work with imported geometry in
the following ways:

e View the imported geometry.
e Diagnose problems with the imported geometty.
e Set different mesh densities on individual entities.

Imported geometry-based models can be used to create Midplane, Fusion or 3D mesh
types. If possible, simplify the model to remove unnecessary detail such as reference
planes and very small features that have no effect on a flow analysis. This will result in a
model that is more accurate with fewer elements.
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IGES Model Translation

In order to successfully translate an IGES file in MPI, the following guidelines should be
observed:

e The entire model must be described by IGES surfaces, not just lines and curves.
e Export from the CAD system as surfaces (not shells).

Refer to the on-line help topic Supported entities, IGES, on the index tab for more
information on all supported IGES entities in MPI. IGES files can be imported directly
into MPI, or MDL can be used. MDL imports more entities and has more flexibility
during the import.

Meshed Formats

There are several formats that can be imported that already contain meshes. All of these
formats support Midplane models — some support 3D and Fusion.

Legacy Formats
MPI will support formats from previous versions of Moldflow and C-Mold including:
e Moldflow MPI 2.0 (.mfl).

e C-Mold CMK2000 (.cmf).
e (C-Mold (fem).

IDEAS Universal File

The SDRC/I-DEAS universal file has the extension *.unv. The files can be used with
Midplane, Fusion and 3D analysis.

Table 17 below lists the universal data sets that ate recognized and translated when
reading in a *.unv file. If the file contains data sets not listed here, they will be ignored in
the translation process.

Table 17: Universal File Data sets

Dataset |Description

151 Header

164 Units

2411 Nodes

2412 Elements

2429 Permanent Groups
2437 Physical Properties
2448 Physical Properties
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ANSYS Prep 7 File

ANSYS model files have the extension *.ans. Table 18 shows a list of the supported
entity types for ANSYS Prep 7 supported by Moldflow Plastics Insight. Table 20 lists the
supported element types.

Table 18: ANSYS Prep 7 Supported Entities

Entity Type Description
NBLOCK Block formatted nodes
EBLOCK Block formatted elements
EN,R5.0 Element card

EN,R5.1 Element card

EN,R5.5 Element card

EN4.4 Element card

E, Element card

EN, Element card

R,R5 Real constant tables

R, Real constant table

Table 19: ANSYS supported element types

Element Type
2 noded beam.

3 node triangle.

4 node tetra.

4 node quads converted to two 3 node tris.

Nastran Bulk Data Flle

NASTRAN Bulk Data files have the extension (*.bdf). Table 20 lists the NASTRAN
element types that are supported by Moldflow Plastics Insight. All other element types
will be ignored.

Table 20: Supported NASTRAN element types

Element type
GRID
CTRIA
CTRIA3
CQUAD
CQUAD4
CQUADS
CQUADR
CQUADX
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Table 20: Supported NASTRAN element types

Element type
CTETRA
CBAR (Beam

elements)

PSHELL

PATRAN Neutral Flle
PATRAN Neutral files have the extension *.pat, or *.out. Table 21 lists the PATRAN
element types supported by MPL.

Table 21: Supported PATRAN element types

Solid Shell 2D
TET (4 noded) TRI (3 noded) BAR
QUAD (4 noded)

Defining Element Property Data

The element attributes required by Moldflow software can be passed in the second record
of the Element Property Packet (04). These element properties can be set with the PFEG
command in PATRAN. Table 6 summarizes the property data that the interface expects
in each field.

Table 22: Property assignment

Field Property Data
1 not used
2 thickness
3 not used

Import CAD model

Importing a model is just like a File ® Open command in most business applications
such as a word processor. By default, the Import dialog will show all importable CAD file
formats, as shown in Table 119. The Files of type box allows you to specify the type of
file you are looking for.

The following steps are the typical steps needed to import geometry into MPI.

1. Click the icon % File ® Import.

2. Navigate to the directory where the CAD model is located.
3. Click on the file you want to import.

4. Click Open.
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Figure 119: Import File Selection

)" In Preferences on the General tab there is a check box for the Import directory. When

checked, the Import dialog will open in the project directory. When not checked, it will open
in the last ditectory you imported a file from.

Study files can be imported from one directory to another. To import a study file, the
Files of Type box must be set to (*.sdy).

Import dialog

The import dialog asks you to verify the type of mesh you wish to import. The choices
include:

e  Midplane.
e Fusion.
e 3D

If you are importing a solid model always choose Fusion, as shown in Table 120. If you
eventually want to work with a Midplane or 3D model, initially import the CAD model as
Fusion. Study the model and clean it up as necessary. After the model is cleaned up, then
the mesh type can be changed and re-meshed with the new desired format.
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Figure 120: Set file type to Fusion for Geometry formats

Import geometry

Table 120 is an example of the import dialog for IGES. All other geometry formats
including the following have the same dialog except for the Use MDL checkbox.

e STEPR

e Parasolid.

e Native Pro-Engineer.

e Native Catia.

e  Native Solidworks.

These formats must use MDL to import the format. IGES can be used with or without
IGES. When importing IGES, if the Use MDL box is not checked, the MDL Options
button is not displayed.

Importing with MDL

For models that require MDL for importing, there is an MDL Options button in the
lower right corner of the dialog, as shown in Table 120.

The MDL Import options, as shown in Table 121, contr