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Learning Objectives
e Optimize your design for better performance
¢ Reduce product development time
e Have a better understanding of the Autodesk Simulation portfolio
o Leave with a greater appreciation for the science of a cold beer
Description

Implementing Simulation early and often in the design process helps to reduce prototypes, get
to market more quickly and optimize your design for better performance. Designs are all around
you, some that have used simulation, and some that could benefit from this optimization. In fact,
most products require the use of multiple simulation products to achieve their best design.

I know, | know... so where does the kegger come in to play?! It might seem strange, but
something as simple as a keg can be used to perfectly demonstrate nearly every Autodesk
Simulation product. In this class you will learn a bit of Autodesk Fusion 360, Autodesk CFD,
Autodesk Simulation Mechanical, Autodesk Moldflow, Autodesk Moldflow design, and be able to
determine which simulation solutions are right for you.

Your AU Expert(s)

James Herzing is the Product Marketing Manager for the Autodesk Simulation portfolio. He has
spent 12 years in the field of Finite Element Analysis and Computational Fluid Dynamics,
starting his career at Algor Inc., and with the last 8 years spent at Autodesk. He graduated from
the Pennsylvania State University with a BS in Mechanical Engineering. James has presented
in nearly 20 classes at Autodesk University, being awarded “Top Rated Speaker” multiple times.
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Linear Static Stress Analysis

A linear static stress analysis is a great up front simulation that can be run to verify the quality,
safety and overall performance of a design. This analysis typically runs in much less time than
most other analysis types, but also comes with a few restrictions:

1. The design must deform with small displacements
2. Loading is static and remains constant over the duration of the analysis
3. All parts material properties remain in the linear range when loaded

Following these rules, linear static stress can tell you if your design will potentially fail under any

number of loading conditions as well as if you should further investigate the design with more
advanced simulations.

Autodesk Fusion 360 Workflow

Enter the Simulation Interface
Step 1: Press Model - Simulation
Why: This will take your Fusion 360 CAD design from the modeling interface to the

simulation interface, where you will be able to choose what type of analysis you want to
perform.

Boo@wa @ b W = bW @ &

5555555 MAKE® | ADDANS ¥

Page 2



W AUTODESK UNIVERSITY

Simplify the Model
Step 2: Press Study - Static Stress 2 OK

Step 3: In the model components dropdown of the browser, uncheck the box next to the
Ice Water and Keg Tub components, as well as Beer under bodies.

Why: Suppressing these three parts from the analysis will help you to significantly reduce
the number of elements created when meshing your model, and therefore speed up your
analysis. Since they are not important for the setup, removing these parts will not affect
your results.

Static Stress

» Settings
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Define Materials

Step 4: Press Material = Study Material. Define all parts of the keg to be stainless steel,

and the tab handle to be plastic.

Why: Each part in a design needs accurate materials to represent how it will respond
under loading conditions. Our area of focus is in the tap handle and connecting points

between the handle and keg. Just so long as our parts remain linear, our generic plastic
material properties will be acceptable.

sterial Library [All Libraries

Properties >

Component

near Stress v17:1/Keg 1

near Stress v17:1/Keg 2
near Stress v17:1/Tube Connection
near Stress v17:1/Keg 3
near Stress v17:1/Tube
near Stress v17:1/Pump 2
near Stress v17:1/Pump 1
near Stress v17:1/Nozzle
ap v1:2/Bodyl

ap v1:2/Body3

ap v1:2/Body4

ap v1:2/Body7

ap v1:2/Body8

Model Materials

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Steel

Steel

Steel

Steel

Steel

Study Materials Safety Factor
[Stainless Steel v | Yield Strength
[Stainless Steel '] Yield Strength
Stainless Steel v | Yield Strength
Stainless Steel v || Yield Strength
[Stainles Steel v | Yield Strength

Stainless Steel

v

Yield Strength

Stainless Steel

—

v

[Weld Strength

Stainless Steel

v

Yield Strength

Stainless Steel

v

Yield Strength

Plastic v | Yield Strength
Plastic v | Yield Strength
[Plastic v | Yield Strength
[Plastic v || Yield Strength
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Apply Constraints

Step 5: Press Constraint. Select the surfaces shown in the image below in blue.

Why: We will assume that these surfaces are completely fixed as they are surrounded by
ice and the plastic keg tub. Though this is hot completely accurate, to simplify a linear
stress analysis for worst case conditions, this will be acceptable.

Apply Loads

Step 6: Press Load > Force. Select the back surface of the tap handle and apply a 50
pound force.

Why: the 50 pound force applied to the surface will represent us pulling the handle VERY
hard. Perhaps we had too much to drink and don’t realize our strength. Most parts will

have an unrealistic load applied to them and let you know what conditions they have been
tested under.

© STRUCTURAL LOADS

[

— — Tips < Force

———— Targets x
T — Direction Type H B A
L s— Fiip Direction B
Magnitude 50.00 Ibforce
e Override Units [
(i ] OK | | Cance

|
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Apply Contact and Solve
Step 7: Press Contacts = Automatic Contacts - Generate.

Step 8: Press Solve = Solve 1 Study.

Why: Generating contact will automatically define bonded contact between each part,
meaning they are completely tied together. You are able to change this contact definition
to surface to surface contact to more realistically represent a designs setup, though if parts
will separate this is best done in an event simulation analysis.

JIVC

LVE -+ FAQ
@) On Cloud

UDIES OF THE ACTIVE DOCUMENT

/| Study Status

/| Study 1 - Static Stress @® Ready
Static Stress

] Hide studies which cannot be solve

LOUD CREDITS - FAQ HISTC

I -% are already used
-% will be used
-% unlimited remain

0 unlimited 0
Required Available Used

The document is modified. A new version will be created before solv
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Review Results

Step 9: Review your parts safety factor.

Why: Safety factor will tell you if your part will fail (below 1) or pass. As you can see here,
the value of 1.01 is very low and would be considered unsafe for use. Reviewing the area
of highest stress reveals that the coarse mesh used likely is causing an unrealistic stress
value to be calculated in this area.

Safety Factor v & 4

- 3

i 1.01Min
0

Nodes 292422
Elements: 177425
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Refine Mesh and Reanalyze
Step 10: Press Manage - Settings - Mesh. Change the average element size to 5%.

Step 11: Press Solve = Solve 1 Study.

Why: Reducing the mesh size of your assembly will provide smaller elements for the
calculations. Although this will lead to longer run times, the results will be more accurate.
As you can see, the safety factor rises to 1.47 with the finer mesh, and the large elements
in the area of highest stress no longer exist. This provides a more realistic result.

Study Type |Static Stress

General Mesh
Mesh
Adaptive Mesh Refinement Average Element Size - Solids (% of model size) |5

Minimum Element Size (% of average size) 20
Maximum Turn Angle 60
Grading Factor (1.5

Create Curved Mesh Elements

Use Part Based Measure for Assembly Mesh

Cancel

Additional Autodesk Simulation Solutions to this Problem
e Autodesk Inventor Professional
e Autodesk Simulation Mechanical
e Autodesk Nastran In-CAD

Heat Transfer Analysis

A thermal heat transfer analysis allows you to apply temperature loads such as heat generation,
convection and applied temperatures to your model. When analyzed, the program will calculate
how these different loads affect the overall assembly temperature in a static condition. It is
important to note that this is not a time dependent analysis we are performing, so the results
shown are at steady state. Currently Fusion 360 does not allow for a transient (time dependent)
thermal analysis, but this can be run in other Autodesk Simulation products. It is also important
to note that you must run a thermal stress analysis in order to see how the change in
temperature affects stress in your design.
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Autodesk Fusion 360 Workflow

Change the Analysis Type
Step 1: Press Study - Thermal
Why: Choosing the thermal analysis will allow you to understand how your parts will heat

up under various thermal loading conditions. To see how these changes in temperature
affect stress results, a Thermal Stress analysis must be performed.

» Settings

Page 9



@ AUTODESK UNIVERSITY

Create a Custom Material

Step 2: Press Material > Manage Physical Properties

Step 3: Press Create - New Library

Step 4: Press Create - New Material

Why: There are times where the material that you need is not available in the default

material library (in this case, ice water). Creating a custom material will define your parts
more accurately, giving you more accurate results.

ysical

Search

Scument Materials > B i
Name* Category
Ice...ter Uncategorized
V> Eusion 360 Material Library '> =
lome Name Category
ol ABS Plastic Plastic
jl?}u?:);y—;;(.;..g - Acetal Resin, Black Plastic
T Ceramic Acetal Resin, White Plastic
= Fabri$ Bl Acyiic Plastic
::::sorlng . Acrylic, Clear Plastic
Tl Glass W Air Gas
"l Liquid Aluminum Metal
:: mle:' Aluminum 1100-H14 Metal
G Plastic Aluminum 1100-H18 Metal
T Stone Aluminum 1100-O Metal
s Wood Aluminum 2014-T4 Metal
Aluminum 2014-T6 Metal
Bl Aluminum 3003-H12 Metal
Aluminum 3003-H14 Metal
B Aliminum 2002-H14A Metal
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Create a Custom Material (cont.)
Step 5: Provide a material name and description.

Step 6: Press + Physical Properties

Step 7: Define Thermal Conductivity and Specific Heat. Press Apply.

Why: Since we are running a thermal analysis, thermal conductivity and specific heat are
the material properties of need. This same process can be performed to add new physical

properties for stress analyses as well.

"4‘ Identity | Physical & *

|5

Name | Default New Material

nent Materials }‘ D EE M

me  Category Descriptive Information
e..ter Uncategorized Description

Favorites }' 8= Type | Generic

e Name * Category Comments
avoriie-p Default New Material Uncategorized Keywords

egacy M... (5}

usion 360.. B . Ice Water Uncategorized " Product

Ceramic Manufacturer

Fabric Model

Flooring Cost

Gas

Glass ik

Liquid

Metal

Misc

Plastic

Stone

Wood

AU Library D...
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Define Materials

Step 8: Press Material = Study Materials. Define the materials as shown in the image

below.

Why: Steel, plastic and water all have significantly different material properties. In order to
have accurate heat transfer between these parts, defining each with the proper material is
necessary. Although ice water is a liquid/solid mix, we are assuming it to be a solid part

with consistent material properties as part of the analysis simplification.

al Library | All Libraries i
Component Model Materials Study Materials Safety Factor
mal Stress Analysis v2:1/Keg 1 | Stainless Steel (Same as Model) ~ | Yield Strength

mal Stress Analysis v2:1/Keg 2
mal Stress Analysis v2:1/Beer
mal Stress Analysis v2:1/Tube Connection
mal Stress Analysis v2:1/Keg 3
mal Stress Analysis v2:1/Tube
mal Stress Analysis v2:1/Pump 2
mal Stress Analysis v2:1/Pump 1
mal Stress Analysis v2:1/Nozzle
v1:2/Bodyl

v1:2/Body3

v1:2/Body4

v1:2/Body7

v1:2/Body8

Tub v1:1

Water (1)1

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Stainless Steel

Steel

Steel

Steel

Steel

Steel

Steel

Ice Water

(Same as Model)

Yield Strength

Ice Water

Yield Strength

(Same as Model)

4

Yield Strength

(Same as Model)

Yield Strength

I(Same as Model)

Yield Strength

(Same as Model)

Yield Strength

(Same as Model)

(Same as Model)

Ll

Yield Strength

Yield Strength

lslamles Steel = | vield Strength
Plastic ~ | Yield Strength
Plastic ~ | Yield Strength
Plastic ~ | Yield Strength
Plastic ~ | Yield Strength
Plastic ~ | Yield Strength
Ike Water ~ | Yield
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Define Load — Applied Temperature

Step 9: Press Load - Applied Temperature - 34F. Select all surfaces of the ice water

and click OK.

Why: Ice water is slightly above freezing, so an estimated value of 34F is used. For a
thermal analysis to run successfully, you need at least 2 loading conditions. This value will

act as our “temperature in” for the model, with the next convection load as the

“temperature out.” You are also able to apply this load to the body of the ice water instead

of selecting surfaces.

© THERMAL LOADS

¥ Geometries
Selection
Object Type

Selections

¥ Load
Type
Temperature Value

Override Units

XE

Selections

2 Applied Temperature v

34F

|

OK

v

Cancel
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Define Load — Convection

Step 10: Press Load = Convection = 1.093e-6 Btu/(s in”2 F). Select the surfaces shown
in blue in the image below. After defining the convection coefficient, it is important to define
the ambient temperature to be at room temperature, or 68F.

Why: The convection coefficient defines how heat will transfer from the ice to our keg, as
well as state the outside temperature surrounding the parts to be 68F. This value can be
calculated using scary college thermodynamics.

© THERMAL LOADS

¥ Geometries

Selection X 317 Faces 4

Select all faces B8

Selections Selections Y
¥ Load

Type 53‘ Convection v
Input Type Constant V.

Convection Value  1.093e-6 Btu/ (s in"2F) v

Override Units i

¥ Ambient Temperature
Temperature Val.... 68.00 F v

Override Units [}

[ ] OK Cancel
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Define Contact and Solve
Step 11: Press Contact - Automatic Contact - Generate

Step 12: Press Solve - Solve 1 Study

Why: Defining contact between parts in a thermal analysis determines if parts are
conducting on insulating. As was the case with linear stress, the default contact setting is
bonded. When entering the contact definition screen you are able to define a resistance
value between surfaces. This is useful if there is an epoxy connecting parts as one
example.

JIVC

LVE - FAQ
@ On Cloud

TUDIES OF THE ACTIVE DOCUMENT

/| Study Status
/| Study 1 - Thermal @® Ready
Thermal

[] Hide studies which cannot be solve

LOUD CREDITS « FAQ HISTC

I -% are already used
-% will be used
-% unlimited remain

0 unlimited 0
Required Available Used

The document is modified. A new version will be created before solv
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Define Contact and Solve
Step 13: Review the temperature results.

Step 14: Press Inspect - Create Slice Plane. Choose a flat surface to apply the slice
plane to and press OK.

Why: Applying a slice plane to your results will help you to understand the temperature

distribution to interior parts, in this case the beer. This will tell us if the beer is cold enough

or if more ice needs to be added.

Temparature L] Tompecature
Fe -

“
feon Nodsl v
@ 4 ™ @ 4

Additional Autodesk Simulation Solutions to this Problem
e Autodesk Simulation Mechanical
e Autodesk Nastran In-CAD
e Autodesk CFD
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Event Simulation

The term event simulation is rather general, describing basically any analysis where there is
motion involved. One of the most common cases for using event simulation is for a drop test
analysis. Although this can be a very long analysis, and computationally significant, the cost
savings in the long run from reducing prototypes and test equipment can be huge! Event
simulation analyses can be some of the most real world applications for simulation, allowing
parts to come into contact with each other at any time during the analysis. The addition of
movement and time based results can allow you to see how parts will react when acted upon by
another force or part. In this case, we will look at how our keg bounces after dropping off of the

ground.

Autodesk Simulation Mechanical Workflow

Choose the Analysis Type
Step 1: Choose Mechanical Event Simulation

Why: Autodesk Simulation Mechanical allows for larger models to be analyzed in drop test
scenarios. This means you can see more of the reaction your design has after impact, as

well as stress results from the contact.

AES with Nonlinear Material Models [r

l'ypical

Linkages and mechanisms -
Press-fit
Snap-fits
Multiple body contact and impact
Forming and extruding processes
Rubber and foam components
Bellows; Seats

~

Use as default analysis type ' 0K
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Mesh the Assembly

Step 2: Choose Mesh = 3D Mesh Settings = Options - Model and choose to uncheck
“Use automatic geometry-based mesh size function.”

Step 3: Set Mesh Size to 70% > Mesh

Why: Deactivating geometry-based mesh sizing allows for larger elements to be used
when meshing. This means that the analysis will run more quickly. If you find your part
needs a finer mesh, using local mesh refinement is a better option to keep element count

low.

Mesh type Mesh size

Coarse Fine
@ H+t4 Solid

@ Midplane
Plate/shell

| options... |

V| Create matched mesh between parts

Defaults... W [ {*5 Generate mesh H Save H Cancel
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Define Materials

Step 4: Select Material for each part in the model tree, right click and choose edit material.
Select 304 stainless steel and press OK.

Why: Before importing the model it is important to simplify it by suppressing parts that are
not critical for the analysis. In this case, we only have 4 parts remaining for the drop test

analysis, all of which are created out of stainless steel.

Create New Library... ¥] Add Existing Library...

electLibrary

todesk Simulation Material Library

-

) Concrete

) Glass

lron

) Nickel

) Plastic

) Other

) Steel

+ D AISI

+ASTM

- Other

- () Stainless
) AISI Type 303 Stainless Steel, annealed
1) Carpenter 20-Mo6r Stainless Steel, Plate
1) Carpenter 20Cb-3r Stainless Steel. Bar
[ Carpenter Custom 450r Stainless Steel, £
[ Carpenter Custom 455r Stainless Steel. £
I Stainless Steel (AISI202)
) Stainless Steel (AISI 302) Annealed
1) Stainless Steel (AISI 302) Cold-rolled
fR]Stainless Steel (AISI 304
) Stainless Steel (AISI 304L)
) Stainless Steel (AISI309)
I Stainless Steel (AISI310)
) Stainless Steel (AISI316)
1) Stainless Steel (AISI 316) Cold Drawn
) Stainless Steel (AISI 316L)
) Stainless Steel (AISI 316L) Cold Drawn
Q) Stainless Steel (AISI317)

I Stainless Steel (AIS1405)
[D Stainless Steel (AISI430)

™ Stainless Steel (AISI 44|m
1 »

-

Analysis Type:
Element Type
Material Model
Material Specified:
Material Source:
B Material Identification
In Library File:
Date Last Updated
Units System

Material Description

Source

Select Material

B Material Properties
Damping (s)
Mass density (g/cm®)
Modulus of Elasticity (dyn/cm?)
Poisson's Ratio

B Current Material Information

MES with Nonlinear Material Models
Brick/Tetrahedral

Standard

[Customer Defined]

NotApplicable

D:\Program install location\Simulation 2017\mat...
12-JUL-2012 16:48:31

Metric mks (SI)

Hot finished and annealed (plate. sheet, strip)

Matweb

Stainless Steel (AISI 304)

0

8
1975000000000
0.29
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Create an Impact Plane

Step 5: Press Selection = Point = Vertices. Choose the bottom point on the keg and
inquire.

Step 6: Press Setup = New Impact Plane. Define the plane to be in the XZ plane, use
offset of -38.6 inches in the Y direction. Change the Type to fully general.

Why: Using an impact plane instead of modeling another “floor” part in the model save
elements and helps to run more quickly. To make sure your part is falling the right
distance, inquiring on the bottom most point will help you determine where to define yo

impact plane. Using the fully general option will allow you to see your design bounce after

impact, a more intensive analysis but most realistic.

s on

ur

C

Select Impact Plane ﬂ

Plane Xz v

| Use Offset

Y= -38 in

Type | Fully general v

Description

ok | [ concel
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Define Analysis Parameters
Step 7: Press Setup - Model Setup - Parameters.

Step 8: Press Event Tab = Number of time steps = 150.
Step 9: Press Load Curves Tab, define the multipliers table as shown below.

Step 10: Press Gravity Tab - Set for standard gravity. Define gravity in the —Y direction
as shown below and press OK.

Why: In the analysis parameters is where you define how your loads will be applied over
time, as well as how many time steps your analysis is broken into. Since we are running a
drop test, gravity needs to be active at all times which is why our multiplier is set to 1 for
the entire analysis. We use 150 time steps to help break the calculations into smaller
parts, helping to ensure contact between the impact plane and keg is found as well as
helping to analyze more quickly.
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Solve and Review Results
Step 11: Press Analysis - Run Simulation.

Step 12: Press Load Case Options - Load Case - Set = 115.
Step 13: Press Results Contours = Stress = von Mises Stress.
Why: To be able to see stress results at the worst time of the analysis you have to locate

when your design makes contact with the impact plane. Changing to von Mises stress will
let you know if your part will fail based on the material properties. In this case, we’re ok!
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Modify Legend Properties
Step 14: Press Results Contours - Legend Properties - Range and uncheck
“automatically calculate value range”.

Step 15: Define Low = 0 and High = 5,000. Press Apply.

Why: With a lower value for the high stress on our legend it is easier to see areas of high
stress. In this case the stress values are localized, but in many analyses you will have high
stress in multiple areas and this can help you pin point problems in your design.

vOIl IVIISES
IbfAin~2)
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

‘ime: 0.766667 s

‘ime Step: 115 of 150
Naximum Value: 22529.9 Ibf/(in"2)

finimum Value: 0.0677525 Ibf/(in*2)

Additional Autodesk Simulation Solutions to this Problem
e Autodesk Nastran In-CAD
e Autodesk Fusion 360
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Injection Location and Visualization Analysis

A design is able to help cut costs by recognizing problems early on in the design cycle. When
working with plastic parts, having the ability to optimize injection site locations and visualize
defects on the fly can help a designer to understand if changes need made before moving on to
further analysis or manufacturing. In addition, gauges for manufacturability and eco-friendly
controls guide designers in material choice and part shape to improve process flow in the
manufacturing process.

Autodesk Moldflow Design Workflow

Add Injection Site Location
Step 1: Click dropdown -> Injection locations toolbar.

Step 2: Click Add injection location. Choose two injection locations on the inside of the keg
tub near the handles as shown below.

Why: By default there will be 1 injection location applied to the part. Depending on the
part, there are times where multiple injection locations would be better for the molding
process.
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wW.{ L

Automatically refresh

Injection locations toolbar
Animation toolbar
Finished Part View

Configure rules...
Position

Export to

Help...
About...

Visualize Defects

Step 3: Click dropdown > Animation toolbar. Press the play button to watch the fill
process.

Step 4: Click dropdown - Finished part view.

Step 5: Click View - Highlight defects.

Why: After visualizing defects in the part you can determine where sink marks and weld
lines will occur. Not only will this help to design a stronger part, as weld lines will weaken
the design, but it will also help to create a more aesthetically pleasing design. Often times
smaller sink marks are able to be hidden by material color.

Page 25



AUTODESK UNIVERSITY

Optimize Injection Location

Step 6: Click Delete injection location. Remove the 2 previously added injection site
locations.

Step 7: Press the animation button to watch the new fill process.
Step 8: Click dropdown - Finished part view.
Step 9: Click View - Highlight defects.

Why: With only 1 injection location the weld lines that were being created no longer exist.
Now there are just a few sink marks that could be hidden with material color.
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Export to Moldflow
Step 10: Click the dropdown - Export to = Autodesk Moldflow.

Why: By exporting to MoldIfow your selected injection locations and material choices will
be saved and you will be able to run more complex analyses on the design.

Automatically refresh

Injection locations toolbar
¢ Animation toolbar
Finished Part View

Configure rules...

Position ’

Export to X Autodesk Moldflow Adviser
Help...

About...

Additional Autodesk Simulation Solutions to this Problem
e Autodesk Moldflow Adviser
e Autodesk Modlfow Insight
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Fill / Pack / Warp Analysis

A common analysis set run on plastic injection molded parts is the Fill + Pack + Warp analysis
process. In addition to understanding if your location site will work for your design, you will be
able to determine how long it will take for your part to fill, as well as if any warping of the
material will occur during the cooling process. With this you are able to optimize material use,
develop stronger parts based on flow lines and make sure that the finished part is sized within
the necessary limits for the project.

Autodesk Moldflow Workflow

Molding Process Set
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Add Injection Location
Step 1: Click Home - Molding Process Setup > Injection Locations.

Why: If your design was not sent over from Moldflow Design, it is necessary to apply an
injection location. We chose the bottom of the tub to help hide the mark left from the gate.
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Apply Mesh
Step 2: Double click Create Mesh in Tasks.

Step 3: Global edge length = 9mm, uncheck match mesh, apply extra refinement near

gates and click Mesh Now.

Why: It is important to have at least 6 — 8 layers of elements through the thickness of non-
fiber filled parts, and mesh refinement is especially important around gate locations to

analyze proper flow.

—
asks | Tools

Project 'test'
% Keg Tub v3_study

Study Tasks : Keg Tub v3_study
Part (Keg Tub v3.step)
% Create Mesh...
 Fill
7 Generic PP: Generic Default
Material Quality Indicators B o)
Environmental Properties R
* SetInjection Locations...
> Process Settings (Default)
T Optimization (None)
+ Start Analysis!
Logs®

Generate Mesh F2

The mesh generation process will try to create an

appropriate mesh for the analysis process. Use the options

below to change the meshing parameters.

[ |remesh already meshed parts of the model

[ |Place mesh in active layer

| Mesh Now H Cancel ]

|

Help

[ General ICAD ITetra ITelraAdvam:ed

*Remesh boundary

Global edge length on surface:

| |*Match mesh

" |* Stop after suface mesh generation

V] Apply extra refinement near gates

Relative edge length:

9.00

20.0

mm
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Repair Mesh

Step 4: Choose Mesh = Mesh Repair Wizard. Choose to fix any problems in the mesh.

Why: Since having a good mesh is extremely important, Moldflow provides a built in mesh
repair wizard. This should always be used to ensure you have the best mesh possible on
your parts, which will in turn provide you with more accurate results.

Degenerate Element:0 elements fixed
Degenerate Element.0 elements fixed

Jrient All
Jrient All
Overlap/Intersection Fix: 0 overlap/intersection(s) fixed
Jverlap/Intersection Fix: 0 overlap/intersection(s) fixed

Show diagnostics how model Fi

<< Back Next > Skip >> Finish Help |
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Define Materials
Step 5: In Tasks, double click on Generic PP > Generic Default.

Step 6: Click Search - Family Abbreviation - PP and Manufacturer > Generic. Select
Generic Default and press OK.

Why: Moldflow provides nearly 10,000 different materials for you to choose from in the
supplied libraries. This often times makes it necessary to use the search functionality to
narrow down the materials to what you are interested in.

Search Criteria
generate Element.0 elements fixed -
generate Element 0 elements fixed Search Criteria:
entAll
entAll Search Fields Filter
»rlap/intersection Fix: 0 overlap/intersection(s) fixed Manufaciurer Family abbreviation
arlap/Intersection Fix 0 overlap/intersection(s) fixed Trade name
Family abbreviation : [pp
Filler data: Description
Filler data: Weight
Melt mass-flow rate (MFR): Measured MFR Substring: ppl
Resin identification code
Energy usage indicator

<modified>

= d

Exact string match

Show diagnostics | Showmodel Fix

Remove Clear Filters Add. I Search Cancel J Help

«Back | Nex> Skip »> Close | Finist Help |

Select Analysis Sequence
Step 7: In Tasks, double click on Fill. Choose Fill + Pack + Warp and press OK.

Why: To get more information about the design process, the Fill + Pack + Warp sequence
will help you to determine if your part will be created in the best fashion possible. It is
important to note that the of the analyses does matter, and various options are available
for you to choose from depending on your specific setup.

I

| + Pack

ool
fancs)

ool + Fill + Pack + Warp

2ol (FEM)

aol (FEM) + Fill + Pack + Warp

v

More...

l+pack, Warp
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Define Process Settings

Step 7: In Tasks, double click on Process Settings. Click Next and Finished.

Why: Default process settings are usually good to give you a general understanding of
how your part will be filled and how much it will warp. You are able to modify parameters
such as mold temperature and melt temperature based on your setup.

=

Mold surface temperature 150) C
Melttemperature 220 [

Filling control

[Aulomaﬁc v ]

Velocity/pressure switch-over

[Automauc

v

Pack/holding control

[’/.Filling pressure vs time

X, ] Edit profile...

Cooling time

[S:e-:“ed

v]of 20 s[0]

[V]Fiber orientation analysis if fiber material

[ "I Birefringence analysis if material data includes optical properties

[ Advanced options... ]

l Fiber Solver Parameters... ]

Solve and Review Results

Step 8: In Tasks, double click Start Analysis.
Step 9: Check the box next to Deflections - all effects - Deflections.
Why: As shown below, results such as fill time and deflection can be visualized. It can be

unclear as to how much and in which direction your part is warping, but by modifying the
scale of deflection in your results options you can more easily visualize the warp results.

5.113

3971

2.829

1.687

0.5446

1234

9.251

6.168

3.084
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Additional Autodesk Simulation Solutions to this Problem
e Autodesk Moldflow Adviser
e Autodesk Moldflow Insight
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Free Surface Flow Analysis

Computational fluid dynamics (CFD) can solve any number of problems ranging from heat
transfer to fluid flow, as well as coupling the two analyses to understand how changes in
temperature can affect flow. In this analysis we will focus on one of the more intense analyses
available, free surface flow. The results of this analysis will helps one to understand how fluid in
a contained system reacts after it leaves that system and is transferred into another container,
allowing for optimization in pressure to provide the best flow rate possible. This is a very heavy
analysis and can take a significant amount of time to solve.

Autodesk CFD Workflow

e L User _ Clean  Viewports | Link | Full Navigation Edit Remove @) Scenario Environment
|e=2 Scale  z-Clip Interface  Screen " Views| Whee © orbit - (g} Home
Appearance v Window Navigate Materials .

8 x

gn1
metry (cm)
enario 1
aterial
ABS (Molded) [Fixed)
Aluminum Alloy (606,
Stainless Steel (316) [
Water [Fixed]
indary Conditions
Pressure(0 dyne/cm...
Volume Flow Rate(2.
tial Conditions
sh Size
Mesh History
ze:0.08
Volumes
Size: 0.1
Volumes
tion
ups

ow: On
{eat Transfer: Off
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Define Materials

Step 1: Choose the 3 main parts of the keg body and change Type = Solid > Aluminum

Alloy (6061).

Step 2: Choose the ice and beer and define Type - Fluid > Water.

Step 3: Choose the cup and keg tub and define Type - Solid > ABS (Molded).

Step 4: Choose the remaining parts and define Type - Solid = Stainless Steel (316).
Why: It is extremely important to properly define materials, especially the “Type.” If the

beer is not set to fluid, we will not be able to see if flow out of the keg. Since temperature
isn’t being taken into account in this analysis, the other material properties are not as

important.

~] Note

E@L Design 1

@ Geometry (cm)
4 (e} Scenario 1

4 & Material

> &% Water [Fixed]

> & ABS (Molded) [Fixed]
> & Aluminum Alloy (606...
> &% Stainless Steel (316) [...

Environment

Set...

Materials
Property settings
Material Edit...
Material DB Name Default
Type Solid
Name ABS (Molded)

Remove

1(

Cancel

|
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Apply Loads

Step 5: Choose the top surfaces of the fluid inside the beer cup Boundary Conditions =
Type - Pressure = 0. Set Gage/Absolute to Gage.

Step 6: Choose the surface shown below in the keg faucet Boundary Conditions = Type
- Volume Flow Rate - 2 in"3/s.

Why: Much like with heat transfer, we have to have 2 boundary conditions applied in order
to tell the fluid “where to go.” In this case, we are applying a volume flow rate in the keg
and a pressure of 0 in the cup to give that beer a place to move.

Boundary Conditions
Property settings
Type Pressure
Unit dyne/cm?2
Time Steady State
Pressure 0
Gage / Absolute Gage
Static / Total Static
(7 l Apply ] [ Remove ] [ Cancel

indary Conditions

Froperty settings

Type Volume Flow Rate
Unit in3/s
Time Steady State
Volume Flow Rate 2
Direction Reverse Normal
Fully Developed (]

Apply ] l Remove | I Cancel
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Solve the Analysis
Step 7: Press Solve = Physics tab. Check the box next to Flow.

Step 8: Press Control Tab - Solution Mode - Transient. Define settings as shown in the
image below and press solve.

Why: For open channel flow you must tell the program that the fluid surface is allowed to
“move.” In addition, to guide the flow you have to define gravity direction as an additional
load.

Control { Physics Adaptation | Control | Physics { Adaptation |
Solution Mode Transient ‘ Flow v
Time Step Size 0.01 E] Compressibility Incompressible
Stop Time 25 Hydrostatic Pressure O
Inner Iterations 2 2 Heat Transfer ]
Save Intervals
Solver Computer CLOUD
Continue From 0
Time Steps to Run -1 -
Solution control ] [ Result quantities ] [ Turbulence H Advanced Solar heating | | Free surface
Solve © Solve
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Review Results
Step 9: Press Results Tasks - Iso Volumes.

Step 10: Press Enable Visualization.
Step 11: Press Image = Animation ->Select all 2 Animate - Frame interval = 100.

Why: To view your fluid move, it is best to use iso volumes and to animate results to see
the flow. It is also important to turn on part transparency to understand how the fluid is

interacting with the rest of the assembly.

Additional Autodesk Simulation Solutions to this Problem
e Just Autodesk CFD at the moment!
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