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Learning Objectives

Discover rules in design for injection molding

Discover and demonstrate knowledge of Autodesk Fusion 360 injection molding simulation
Learn ways to reduce lead time when designing and manufacturing with injection molding
Discover and demonstrate knowledge in Inventor mold design

Learn how to connect the plastic design workflow with Autodesk Fusion 360 desktop
connector

Description

Design is rarely a perfectly linear and straightforward process. Often a single tool cannot
accommodate all the workflows—and even when it does, it’s rarely the right fit. By maximizing
the different tools within the Autodesk Product Design & Manufacturing Collection (Autodesk
Inventor, Autodesk Fusion 360, Autodesk Desktop Connector), designers and engineers can
now design, make, and collaborate on products to reduce the lead time faced in today's
manufacturing. This course will cover the complete workflow involved in designing parts for
formative manufacturing—injection molding. From making a mold in Inventor to validating your
part for injection molding in Autodesk Fusion 360. The Autodesk Product Design &
Manufacturing Collection helps you connect these workflows right on your desktop using
Autodesk Fusion 360 Desktop Connector
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Speaker(s)

Obiora Odugu is an E4C fellow working with the Autodesk Foundation from Feb 10
— Sept 30. He provides technical support and assessment to Autodesk Foundation
non-profits and start-ups. He is excited about this role as he gets to experience and
work with multiple organizations developing products that are transforming human
life and advancing the SDGs

He is passionate about designing robots and great products. He believes a great
product should have qualities of a genuinely democratic government —Made by and
for the people using it. He has been engaged in projects that demonstrate this belief. In 2021, he
worked with ASME Engineering for Change (E4C) as an Autodesk design fellow helping Kheyti
redesign their greenhouses for farmers at the bottom of the pyramid. He has also worked on
multiple products within the furniture, electronic and energy sector.

Chukwubuikem Felix Amaefule is a leader of excellence and an inspiring being. He is very
passionate about doing more with less which is deeply rooted in effectiveness. A fast-rising
industry leader in the design and digital manufacturing space with the vision to empower the
ecosystem.

He has over 5 years of experience in project and program management; over 8 years of
experience in product development and over 3 years' experience in product management. He has
over 8 years of experience in instructional training and management. He is also an intentional
digital storyteller and a poet.

He has worked both in the non-profit and for-profit sectors and is passionate about making things
and inspiring others to make even greater things. Learning through design and design for value
creation. He believes when creative thinking meets innovative thinking, disruptive value is bound
to be created. He has a strong passion for inspiring young minds into creative thinking through
innovation and he lives out this dream daily.

He is currently leading the transformational team who are building an industry outcome-based
Product Development school & On-demand Digital Manufacturing platform that promises to
democratize making in Africa. He has a keen interest in People, Technology, Process and Product
Relationships for Value Creation.
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DESIGN FOR INJECTION MOLDING

Introduction

Injection molding is a formative technology for producing large volumes of parts. Compared to
other manufacturing technologies—Ilike CNC machining and 3D printing— it produces identical
plastic parts with good tolerances. Injection molding is widely used for plastics, because of the
dramatically low cost per unit when compared to other means of manufacturing plastic parts.
The downside of this method is it requires an upfront, capital investment into tooling.

How Does Injection Molding Work?

Once an injection molding design is finalized, the next step in the manufacturing process
is to machine the tooling, which is typically fabricated from steel or aluminum. Then CNC
machine is used to carve out the negative part of the part.

Mold

- - - -

Runner System

Water Cooling
Channels

Ejector Pins

After making the mold, the actual production of plastic parts begins by pouring the plastic pallet
into the hopper. The barrel temperature is raised to a melting temperature. This turns the pallet
inside the barrel into a molten state. As the screw rotates it fees the molten plastic in the barrel
to the mold via the runner system and gates. Finally, the part cools, solidifies and is
automatically ejected from the mold the process starts over. It's an ideal manufacturing process
for industries like medical devices, consumer products, and automotive to name a few.
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Design Rules for Injection Molding
RULE 1: Wall Thickness

e Favour a uniform wall thickness through the whole part.

e Apply smooth transitions in form of fillets between walls of different thicknesses if
required. 3 times the difference in thickness is a good starting point.

3xH Rounded

/ !
S S H
!

Incorrect Correct

Avoid thick sections by hollowing them out using ribs for adding strength.
Use a thickness equal to 0.5 x main wall thickness

Define a height smaller than 3 x rib thickness

Use a base fillet with radius greater than % x rib thickness

Add a draft angle of at least 0.25° - 0.5°

Add a min. distance between ribs & walls of 4 x rib thickness
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4 % T<W?2 Rounded
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RULE 2: Rounded edges

e Internal edges of part should be larger than 0.5 x wall thickness

e External edges: internal fillet + wall thickness

RULE 3: Add Draft angles
Recommended minimum: > 2°

e For parts taller than 50 mm, increase the draft
by 1° for every 25 mm

o For parts with a textured finish, increase the
draft by an extra 1°- 2°

RULE 4: Watch out for

Page 5



AUTODESK
UNIVERSITY

Undercuts in Injection molding are part features that cannot be manufactured with a simple two-
part mold, because material is in the way while the mold opens or during ejection.

e Moving the parting line

The simplest way to deal with an undercut is to move the parting line of the mold to intersect
with it
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¢ Using a shut-off

Another way to deal with undercuts is to remove material from under or above the problematic
area. This way the undercut is eliminated as the whole part can be directly supported by the
mold.

e Side-action cores
When none of the above solutions are viable, then cores can be used that slide out of the part

from the side before it is ejected. Side-action cores should be used sparingly as they add
complexity and increase the overall cost of a mold by 15% to 30%.

Page 7



AUTODESK
UNIVERSITY

RULE 5: Bosses
Bosses are like circular ribs - the same general design guideline apply.

Avoid designing bosses that merge into main walls.

Support bosses with ribs or connect them to a main wall

For bosses with inserts:

Use an outer diameter equal to 2 x the insert’'s nominal size.

RULE 6: SNAP-FIT
use shap fit to join parts together without fasteners

When designing snap-fits for Injection molding:

Add a draft to the side-walls of the snap-fit.

Use a thickness of 0.5 x main wall thickness.

Adjust the width & length to control the deflection & force.
Think how to deal with the created undercut.
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Simulating a plastic part with Fusion 360 Injection molding simulation

Finding an Injection molding part can be pretty easy but getting the part you designed into a
mold can be really hard. For example, designing a part and mold that is very easy to fill depends
on many factors in the part design. With Fusion 360, all setup for an injection molding study is
automatically done once you go into the simulation workspace. Fusion 360 also allows you
customize and pick different values with over 11,000 materials to select from and counting.
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In the next paragraphs, we will show how one can achieve a simulation and interpret the results.

Setting up a simulation

In this step-by-step demonstration, we would be showing how to run a typical plastic simulation
and gain insight from the results. The model being used here is a plastic enclosure of a PCB
board used to control a camera system for remotely sensing the amount of content within stores

Step 1: Change your workspace to simulation and select Injection molding simulation

AL e New Study
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Step 2: Use the setup summary panel to pick the target body, material, desired injection
location and faces designhated as aesthetic faces. Aesthetic faces are faces that will be visible to
the user. The remaining options like Injection time are subject to the manufacturer's
specifications. Fusion 360 gives you default settings which are typical and good for a start.

SETUP

- = s e T N |
SIMULATION ~ Y ( e E 5 Ei . e & [E5] o l f—]
S & 2 | B B & E b = s
STUDY+  SWPLFY~  TARGETBODY®  MATERALS®  BOUNDARY CONDMIONS™  PROCESSSETTNGS™  MANAGE™ SOLVE ¥ RESULTS®  NSPECT>  SELECT®
« BROWSER °|
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D unts: custom fi
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D @ Nomed Views Target Body Body1 W]
D i Origin Material el o
D © @ Cconstructon Wjsction Locations Target Body x
D @@ Model Components Aesthetic Faces. (i} oK Cancel
4 necton Time Automatic i
4 @ IOy Met Temperature 230.00¢C B
D (KIS s Woid Surface Temperature 60.00C -
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D ol Study 3- injection Molding Simulstion
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Step 3: Hit solve and select the study you would like to solve. To run a simulation in Fusion 360,
you must have cloud credits. If you are running this for the first time, you can use the 7 days trial
and proceed with your simulation. The option for 7 days trial is found under preferences in
settings.

Solve
o
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Simulation results and interpretation

After your solution has converged on the cloud, you can now view it on your PC. In the following
paragraphs, we will show the different results.

As seen on the left section of the figure below, the result page shows information such as fill
confidence, visual defect and warpage. The enclosure design has a fill confidence of 99.799%
which means that just 0.201% would experience difficulty filling. A closer look at the affected
area shows that this are ribs used to support the bosses. Those ribs were drafted and has
variable thickness which could point to the lower section getting solidified before the upper
section eventually resulting in difficulty filling those section. Solution 3 as suggested by Fusion
360 is most likely the answer to the difficult sections

SIMULATION » @“ : D l!j o

DISPLAY ¥ COMPARE * INSPECT ¥ FRISH RESULTS

Fill confidence

|
Q

The next tab shows the visual defects that would be present on the part. 14 faces will have
defects. A visual inspection of the part shows that these sink marks are location around the
bosses at the edges of the part as indicated by the deep red marks. A potential reason for this is
the large fillets that increased the thickness of the inner section and created uneven walls.
These could have resulted to the inner section cooling faster than the outer. As suggested by
fusion 360, reducing the thickness and radius on the backside of features would help resolve
this.

© 99799% is easy to fill

Next steps

To increase the temperature at the
flow front:
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RESULTS

e B0 G O
DISPLAY ¥ COMPARE * INSPECT» FINISH RESULTS ¥
BROWSER

z
4 ® : .
AFill - G visual defects > Warpage \ X
Filter by
£ sink mark depth (mm)
@ P Aesthetic faces

Simulation view

(> 16ofthe 30 aesthetic faces
on your model will have
visual defects. 12 faces will
have sink marks and 6 will
have weld lines.

Next steps

© Toreduce the appearance of sink Bl
marks:

© Toalter the appearanceof weld W

tines: v HIQqAy Wi~

Another useful insight in injection molding is warping. The third tap shows the amount of
warpage the part will see. We have set a 0.71mm tolerance and any value below this is
considered acceptable. Our part shows a warpage size of 0.89mm from the center. While this is
a cause for concern, the deviation from the actual value can be attributed to

RESULTS

~— B D ov .0

BROWSER z

4 DR ©
FRONT
,

AFill @ Visual defects <> Warpage

&>  The maximum deflection
from the center of your part 4 Warpage tolerance (mm)
is 0.89 mm.
The warpage exceeds the
tolerance of 0.71 mm that
you have set.

Next steps l
] 071 E
W Toreduce warpage:
Place injection locations to create 3
balanced il pattern |

Edit injection location

Warpage

Make wall thicknesses more uniform

Edit modet

5 settings

Increase or decrease the injection time

Edit process settings

Increase the wall thickness of the part

Edit model

¢ EmoQQ- WE-

You can view this results in many ways within fusion 360, for example, on the Display tab in the
top left, you can see three different displays. The second display helps you visualize how things
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work. The fill animation shows you the time it takes to fill the cavity of the mold and also has
video demonstration of how the mold is filled. Other tabs also show useful information that
provides into redesigning or optimizing the part.

COMPARE ¥ INSPECT ¥ FINISH RESULTS

RESULTS
SIMULATION ~ “::n @. H_ ( ¥ J P ' 0
DISPLAY ¥
BROWSER

eI

The third tab under display shows all the details in on snapshot. It is also useful for visualizing
how a typical injection molding process works. For this part the filling time is 1.35s with a weight
of 0.07kg. It will take 23.49s to get a single part in your hands.

Connecting Autodesk Inventor to Fusion 360 & Fusion Team with Inventor using
Desktop connector

Designing the mold is done using Autodesk Inventor. To collaborate efficiently and ensure an
integrated workflow between Fusion 360 and Autodesk Inventor, desktop connector is used.

What is Desktop Connector?

Desktop Connector is a desktop service that integrates an Autodesk data management source
(or data source) with your desktop folder and file structure for easy file management.

The files in the data source are replicated in a connected drive. You can manage files in the
data source through the connected drive, just as you would any other folder on your machine.
Changes made in the connected drive are automatically uploaded to the data source.

v To get started download and install Desktop Connector for Fusion.
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To download the Desktop Connector for Fusion, use this link and login to your Autodesk

account. See the screenshot below.

P8 | Obiora Odugu

E

Name ! Signed into
——3 Obiora Odugu
Default P H Assets System May 23, 2€ '*:

AU class Obiora Odugu Aug 17,20

b
2
>
@

AU_CLASS Obiora 0dugu Aug 18, 20

Default Project System May 18, 2(

b 4 b
éj/:i‘ y

s ., MENTOR

)
| n Install Desktop Connector for Fusion

Sign in to your desktop connector with your Autodesk account.
Make sure the signed in account has access to the Team and the Project in Fusion
Team you are working on.

Don’t forget to add team mates on the Fusion team if you have any

All Projects hg Chukwubuikem Felix Amaefule
y Aesets ALl WNED BY ME | SHARED WITH ME [«
3
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Pictures
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Fusion 360
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55.0 GB free of 465 GB

Designing the Mold with Autodesk Inventor

After setting up the desktop connector as described above, it is time to jump straight to
Autodesk Inventor to get started with our mold design.

v Open Autodesk Inventor application

v Create an Inventor Project file and the file location should be the project in your Fusion

Team (To do this you need to go through the Fusion desktop connector in your file

explorer)
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v Create a Mold file from the mold design (assembly) template.

Prajects X

Project name Project location

32004 UPS PD Panel Ci\sersiMento\Documents' 32004 Panel\32004 Panel}
" Al_Class C:\WsersMentoFusion\Obiora OdugualU_CLASSY
Default
Design Automation C:\WUsers\Mento\Desktop\Inventor ProjectiDesign Automation',
FIMAL ASSEMBLY C:\Wsers\Mento\DesktopiInventor Projectibicyde assembly group 1%
GLASS POUCH C:\sers\Mento\Desktop\Inventor ProjectiGLASS POUCHY
Inventor ACP Data C:\Wsers\Mento\Downloads\Inventor ACP\Inventor ACP Prep data\Inventor ACP Pr...
Inventor Electrical Froject C:\WsersPublic\Documents\Autodesk \Inventor 20234
Office Chair Ci\UsersiMento\Desktop\Inventor Project\Office Chairl,
Shoe Rack C:\Users\Mento\Desktop\Inventor ProjectiShoe Radk)

a Project (read only) .
’3 Type = Single User
ﬁ Location = C:\UsersMento\FusionObiora Odugulall_CLASSY -
] Included file =
of® Use Style Library = Read-Cnly

@" Appearance Libraries
(@ Material Libraries
@ Workspace
Workgroup Search Paths
% Libraries '—)‘*:I
@ Frequently Used Subfolders :
@ Folder Options 4
5 Options

@ MNew Save Apply Done

CHUKWUEBUIKEM FELIX AMAEFULE » Fusion » Obiora Odugu » AU_CLASS

ilder
& Marme Status Authors Size
Mold Designl
OldVersions
a AU _Class.ipj /] felix.ama... 10KE
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v" As soon as you have the project created, create the Inventor mold design assembly file

as seen in the screenshot below.

| Create New File

o {ntesers\Public\Documents\Autodesk\Inventor 2023\ Templates),

v

v

Templates
en-Us
English
Metric
Mald Design

[ [Eel 7

¥ Part-Create 2D and 3D objects

¥y & & P

Sheet  Sheet Standard Standard
Metal Metal  (DIN)ipt (mmlipt
(DIN).ipt (mm).ipt

¥ Assembly — Assemble 2D and 3D components

Mold Mold | Standard Standard
Design Design \(DIN).iam (mm).iam
(DIN).iarm| (mm).iam

Weldm
(AMNSI
mm).iz

&5 5 65 8 A

Weldment Weldment Weldment Weldment Weld
(BSI).iam  (DIM).iam (GB)iam (I50).iam (JIS)

¥ Drawing — Create an annotated document

O B OB O

ANSI AMSI  BSldwg BSlidw DIN.dwg D

(mm).dwg (mm}idw
B 1 E

Project File: | AU_Class.ipj

File: Hj Mold Design {mm).iam
Display Name: Assembly
Units: milimeter

This template creates a spedalized 30
assembly of an injection mold for one
or more plastic parts.

Projects... Cancel

Next is to import the plastic part design from the fusion team (with the help of desktop
connector) into the mold design assembly file using the plastic part tool. Now have the part
imported, you will adjust the part orientation as desired, while considering how it will fit on the
mold. Click on the Core/Cavity feature, it will open a dynamic tab called core/cavity.

define the mold (block) workspace using the "define workspace settings" feature.
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n D-BHS - [ @By % @ Mool ~ @ Appearance ~ & + EnclosureMoldD... » SearchHelp & Commands.. @ felixamaetule - [C] W »

B R IdE =
Runner Gate Gate Cold Well Cooling Cooling Channel Mold
- Location Channel Check Shrinkage
Runners and Channels Mold Simulation

Then, define the mold (block) workspace using the "define workspace settings" feature. Make
sure that you give appropriate allowance offset between the product size and the mold/metal
block. While doing this think about the standard sizes of the metal block (aluminum or steel) in
the market and the mold integrity while machining.

Search Help & Commands..

isting Surface <Y Edit Moldable Part ] [i] CorePin [ Export
reate Planar P reate
B MlCeitinor b e e bt iliCeseleen Finish
Patching Surface  Suface  and Cavity i Extrude Runoff Surface ~ £} Place Insert Core/Cavity
Parting Design Insert v Tools

e Enclosure Mold Designiam X | Enclosureipt X
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D-EHE -~ B %5 - % & Moterio - @ Appearance ~ @ @ fr &+ » EnclosureMold D... b Search Help & Commands... | 8 felix.amaefule - [CJE W » _ &8 X
Mold Layout |[CSIISRESI Mold Assembly Assemble Design 3DModel Sketch Annotate Inspect Tools Manage View Environments Collaborate Electromechanical Fusion360 G~
O _,E GI ‘ @ f} =l [ Use Existing Surface ¥ Edit Moldable Part | [fl] Place Core Pin B Export V
= % E () Craste PlanarPtch il Create Insert
Adjust  Gate  Part [DefineWorkpiece| ~ Create  Create Runoff Generate Core _ = Finish
Orientation Location Shrinkage | Setting Patching Surface  Surface and Cavity i Extrude Runoff Surface ~ £ Place Insert Core/Cavity
Plastic Part Parting Design Insert ~ Tools  HIETENE
M .
A
—  Workpiece Type Product Dimensions
B
Rectangular v| X = 182454mm
Y = 102.454mm
= Reference
Z = 21.500mm —
By Boundary Box v :
)
W
Workpiece Dimensions W
X+ [36273mm > X [323mm > Xtotal  [255.00mm >| | [
| 253.000 " | Q
Y+ [25.273mm  >| Y- [25.273m0m  >] B Y_total o) -
ffs
z+ [14.250mm  >| z [14250mm >| Z_total s0.000mm > | |& v
=
@ oK Cancel >> =]
x.j Y
£} Home ure | =
Ready 8 10

Patch the open surfaces using the "create patching surface" feature. You can either use the
"create patching surface" feature to automatically generate the patch surface or the “Use
Existing Surface” feature.to manually create the patch surfaces (with the help of “Edit Model
Part” feature) or both when the “"create patching surface" feature did not generate all the
needed patch surfaces.
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Search Help & Commands...

Vg Edit Moldsble Part (] Place CorePin ] Export
-’@ <§ Eg E‘ [=] Create Planar Patch ¢ :} Create Insert &

A | Gate  Pat  DefineWorkpiece|  Create |Create Runoff Generate Core Finish
Orientation Location Shrinkage ~ Setti Patching Surface| Suface  and Cavity ] Extrude Runoff Surface ~ £}, Place Insert Core/Cavity
Plastic Part | Parting Design _ lnset ~
Create Patching Surface B

[ ] o
: Patch

!‘- - Name Edge Count  Position Optional Ttem
Click to add

L] W UseExisting Surface

|+ [#]existing Surface Grou
+ (2] Existing Surface Grou
+ [E]Runoff surfaces

<
For Help, press 1

[©

Adjust  Gate  Pat  DefineWorkpiece  Create  Create Runoff Generate Core

[=] Create Planar Patch 1 Create Insert
Orientation Location Shrinkage Setting Patching Surface  Suface  and Cavity ] Extrude Runoff Surface ~ £}, Place Insert

Parting Design Insert ~

Use Existing Surface

Select Output
o= @BE

Use the “Create Runoff Surface” feature to create parting line for the mold. You can either use
the "Create Runoff Surface" feature to automatically generate the parting line or the “Extrude
Runoff Surface” feature.to manually create the parting line or both when the " Create Runoff
Surface" feature did not generate all the needed surfaces for the parting line.
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Search Help & Commands... @ f

[P
= 8 [l [=] Create Planar Patch () Create Insert
Adjust  Gate  Pat  DefineWorkpiece  Creste [Create Runoff| Generate Core

Orientation Location Shrinkage ~ Setting Patching Surface| Surface | and Cavity i Extrude Runoff Surface ~ £}, Place Insert
garting iz

reate Runoff Surface

Enclosure Mold Designiam X

Lastly, use the “Generate Core and Cavity” feature to create the mold core and cavity. Use the
“preview/diagnose” button to generate the preview of the mold core and cavity, while using the
opacity and body separation settings to drive further insights.
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