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Safe Harbor Statement

We may make forward-looking statements regarding planned or future development efforts for our existing or new products and services and statements regarding our strategic
priorities. These statements are not intended to be a promise or guarantee of business results, future availability of products, services or features but merely reflect our current
plans and are based on factors currently known to us. These planned and future development efforts may change without notice. Purchasing and investment decisions should not
be made based upon reliance on these statements.

A discussion of factors that may affect future results is contained in our most recent Form 10-K and Form 10-Q filings available at www.sec.gov, including descriptions of the risk
factors that may impact us and the forward-looking statements made in these presentations. Autodesk assumes no obligation to update these forward-looking statements to reflect
events that occur or circumstances that exist or change after the date on which they were made. If this presentation is reviewed after the date the statements are made, these
statements may no longer contain current or accurate information.

This presentation also contains information, opinions and data supplied by third parties and Autodesk assumes no responsibility for the accuracy or completeness of such
information, opinions or data, and shall not be liable for any decisions made based upon reliance on any such information, opinions or data.

Autodesk’s partners frequently compete against each other in the marketplace, and it is critically important that all participants in this meeting observe all requirements of antitrust
laws and other laws regarding unfair competition. Autodesk’s long insistence upon full compliance with all legal requirements in the antitrust field has not been based solely on the
desire to stay within the bounds of the law, but also on the conviction that the preservation of a free and vigorous competitive economy is essential to the welfare of our business
and that of our partners, the markets they serve, and the countries in which they operate. It is against the policy of Autodesk to sponsor, encourage or tolerate any discussion or
communication among any of its partners concerning past, present or future prices, pricing policies, bids, discounts, promotions, terms or conditions of sale, choice of customers,
territorial markets, quotas, inventory, allocation of markets, products or services, boycotts and refusals to deal, or any proprietary or confidential information. Communication of
this type should not occur, whether written, oral, formal, informal, or “off the record.” All discussion at this meeting should be strictly limited to presentation topics.

PLEASE NOTE: OTC content is proprietary. Do Not Copy, Post or Distribute without expressed permission.
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Optimize Plastic Part Designs- Injection Molding
Slmulatlon in Autodesk Fusion 360

Class ID: CP500672
® Product(s): Fusion 360

® Topics: Automotive and Industrial Design, Injection Molding, Product Design, Simulation and Analysis, Software
Training

® Session Description

® Just because you designed a plastic part, doesn’t mean it can be manufactured at scale. Product design has a
significant impact on the cost and timing to manufacture your parts. You will learn how to identify and address
costly manufacturing issues with Injection Molding Simulation in Fusion 360.

® Learning Objectives

® Simulate the injection molding process to improve manufacturability

® Learn the potential manufacturing issues your plastic part design may have

® Use the guides to help you understand the changes that you should make to reduce cost and time to market

® Validate that your design is ready to be injection molded
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Fusion 360
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Analyze product performance S

Simulation

Benefits

e Reduce cost of physical prototyping

Early detection of design flaws

Avoid product performance issues

Compare benefits of design changes

Simulate real world condition
Capabilities

® Static & non-linear stresses

Modal frequency

Thermal & thermal stress

Buckling & Event o S
Plastic Injection Molding FUS]On 360
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Autodesk Simulation Portfolio

Structural Structural Flow & Thermal Composite Additive MFG
Mechanics Architecture Analysis Materials Optimization
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Is Your Design
Manufacturable




Congratulations! You’ve Designed a Part

...but is it manufacturable?
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Fusion : Product Design Extensions

® CP500808 | Creating the Autodesk University Factory Name Badge with the New Product Design

Extension

o Thursday at 1:30 PM — don’t miss it

[ av v TP Speaker Demo v6*

SOLD SURFACE MESH SHEET METAL PLASTIC UTILTES MANAGE
— 1 — 1
DESIGN ~ |/ I

SETUP~ CREATE ~

I| & ASSIGN PLASTIC RULE

L3
S | @ MANAGE PLASTIC RULES
Plastic Rule ¥ H In this design N _ :
ABS (2.5mm) A . In this design
v il Lbrary v ABS (2.5mm)
ABS (1.5mm) (Default) ) )
Nylon (PAG) (2.5mm) Ph*l,rsuzal Katerial
Polypropylene (PP} (3 mm) Thickness Range
ABS (0.1 in) Thickness
DS Thickness Variation
Polypropylene (PP} (0.1 in) DraftAngIe

Minimum Draft Angle
Wominal Radius
Knife Edge Threshold

il Library

GGEUIRUELA TN A C#® BFOIPS+E BH

MODIFY ~ ASSEMBLE ~ CONSTRUCT ™ INSPECT ™ INSERT ~ SELECT~

ABS Plastic
1.20-3.50 mm
2.50 mm
0.375 mm

2.0 deg

0.5 deg

1.25 mm

1.00 mm
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Review of
Injection
Molding
Process




Injection Molding Machine
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Injection Molding Cycle




Filling Phase

= Mold Closes
= Screw moves forward

= Frozen polymer skin forms as cavity is filled
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Packing Phase

= Cavity filled
= Additional pressure applied

= QGate freezes
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Cooling Phase

= Part cools to ejection temperature

= Screw rotates back
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Mold Open Phase

= Mold opens
= Partis ejected from the mold

= Mold closes and process is repeated
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Injection Molding Cycle — Linear Timeline

Cycle Time: Py 22 Sec.

Fill Time: T
Pack Time: _| 9
Cooling Time: Iy 10

Mold Open Time: o

4 AUTODESK UNIVERSITY



Injection Molding Process Control

Mold Temperature Melt Temperature Injection Control
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Injection Molding Process Settings

- |nJECtIOn Time I| @ PROCESS SETTINGS >
Injection Time Automatic A

= Resin Melt Temperature

¥ Material Specific Settings
= Mold Surface Temperature
Melt Temperature 287.00C
Recommended: 274.00 to 302.00 C
Mold Surface Temperature 7200 C

= Default values per material selected Recommended: 0.0 to &7.00 €
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Material Choice

@ STUDY MATERIALS

Browse

M Al

© Recents (6)
“ Favorites (1)

Filters Collapse all

* Description

Manufacturer

Material structure

Date last modified

Material ID

4

Family abbreviation

ABS+PMMA
ABS+PVC

ArS

All Results (12385)

@ STUDY MATERIALS

< Return to search

iii
o]

Study Material + | Generic PP TFX-210 <+

Manufacturer Trade name Family abbreviation h 4
Generic Shrinkage Charact.. Generic TPU TPU )

Description
Generic Shrinkage Charact... Generic PPO+PS (+ fiber) PRPO+PS

Recommended Processing
Generic Shrinkage Charact.. Generic PET PET

Rheological Properties
Generic Shrinkage Charact... Generic PET (+ fiber) PET
~ . . ~ . ) ) Thermal Properties
Generic Shrinkage Charact.. Generic PEEK PEEK
- . . - R - pvT Properties
Generic Shrinkage Charact... Generic TPE TPE P P

Mec E] pe
Generic Shrinkage Charact.. Generic PPO+PA PPO+PA S BT e
Generic Shrinkage Charact.. Generic SAN SAN shrinkage
Generic shrinkage Charact.. Generic PA46 (+ fiber) PA4LE Environmental Properties
Generic Shrinkage Charact... Generic PPE+PS PPE+PS Material Data Completeness
Generic Shrinkage Charact.. Generic TPO TPO
Generic Shrinkage Charact... Generic HIPS HIPS
Generic Shrinkage Charact.. Generic PAG PAE
Generic Shrinkage Charact... Generic PMMA PMMA
Generic 5hrinkage Charact.. FPE+P5

Li]
00 - > >l
Cancel
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Rules for Good
Plastic Part
Design




Rules for good plastic design

1. Uniform wall thickness
2. Uniform wall thickness
3. Radii
4. Draft

5. Undercuts
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Rule #1 : Uniform Wall Thickness

= First rule of plastic part design typically broken

Uniform wall thickness

= Uniform wall thickness help produce
Even filling patterns
Uniform temperatures and pressures
Uniform cooling

Uniform shrink & warp
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Rule #1 : Uniform Wall Thickness

<« BROWSER ol
VR LA fs _speaker Demovs [+.¥O} £ o
D £ Document Settings v
D @ NamedViews

& () @ DaytonAudio TCP1154 Inch..
l® (D casen
|® @ cover

Flip Pull Direction ¢

D 8 Origin
D © il Sketches | © DESIGN ADVICE »
D © [ Construction Manufacture Injection Molding
D |® () @ DpaytonaudioTCP115 4 Inch .. e o B tismectst [IX
olid Body s 1 select
D [ (B @ TPa3116 biuetooth audio am
> Pull Direction [} 1selected X
D
D

AR Y
¥ Rule Details: ABS (2.5mm)
Thickness Range 1.20-3.50 mm

Thickness Variation  0.375 mm

Taezum ¥ Details
Display (5}« |
[i ] Close
3.50 mm
1.20 mm
1.086 mm
C-aYqQ-B-E e Q
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Rule #1 : Uniform Wall Thickness




Rule #1 : Uniform Wall Thickness

Fill Time

Study 4 - Injection Molding Simulation ~

Fillanimation - X

¥  Fillanimation (s)

Fill time .

o Ly =

153

[o] Min

Mon

Mo ox om |

e

Mok om |

Study 1 - Injection Molding Simulation ~

Fill animation
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L Fill animation (s)
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© TEXT COMMANDS
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Rule #1 : Uniform Wall Thickness

Injection Pressure

Study 4 - Injection Molding Simulation ~

Injection pressure  ~ X

540

¢ Injection pressure (MPa)

Study 1 - Injection Molding Simulation ~

]4
&
ge)
;
@
«
[
<
(o]

Injection pressure  ~ X

375

¥ Injection pressure (MPa)
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Rule #1 : Uniform Wall Thickness

Time to Reach Ejection Temperature

Study 4 - Injection Molding Simulation ~

Time to ejection temperature

X

20

W T
My | g
Y| g
zA X

67.65

a_ Time to ejection
temperature (s)

Study 1 - Injection Molding Simulation ~

Time to ejection temperature

383.44

&

D

Time to ejection
temperature (s)

Max

Q
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Rule #1 : Uniform Wall Thickness

Volumetric Shrinkage

Study 4 - Injection Molding Simulation ~ = Volumetric shrinkage (ejection)

-]

v, [R2¢

Volumetric shrinkage
(ejection) (%)

g

Max

Min

Study 1 - Injection Molding Simulation ~ | Volumetric shrinkage (ejection) ~ X

Foy Vol

, S
umetric shrinkage
(ejection) (%)

p) Max
D) Min
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Rule #1 : Uniform Wall Thickness

Deflection

Study & - Injection Molding Simulation ~ = Deflection (all effects) ~ X i Study 1 - Injection Molding Simulation ~ = Deflection (all effects) ~ X

177 2109

g Deflection (all effects) g5 Deflection (alleffects)
(mm)

(mm)
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Rule #1 : Uniform Wall Thickness - Ribs

= Normally 50-75% of part wall thickness

= Thicker ribs may create visual defects like sink marks .-

[o]OF= o
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Rule #3 : Radii

® Sharp Corners create stress concentrations

X
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Rule #3 : Radii

® Sharp Corners create stress concentrations
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Rule #3 : Radii

® Too much of a good thing can be bad

X
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Rule #4 : Draft

Draft Angle
Pt

Draw Draw

® Draft on a design allow it to be pulled ! !
from the tool

Incorrect Correct

® The amount of draft will depend on the
material, surface finish, and length of
draw
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Rule #4 : Draft
o E

INSERT~  SELECT~
® Use Draft Analysis to double check your design = easure |

'—T‘l_'| Interference

£R curvature Comb Analysis
Febra Analysis

_— .
| ' Draft Analysis

? Curvature Map Analysis

© DRAFTANALYSSS Eﬂlsccur-.-egnarysis

Body Iy 1selected X @& Accessibilty Analysis

Direction X #3 Minimum Radius Analysis

Draft Angle 1.0deg - 15deg - EE Section Analysis
ey l;. Center of Mass

Tolerance Zone @

‘,;j} Display Component Colors Shift+N

T 05dea X 05 - g . .
Dlerance 0.5deg510.5deg |5 |i Display Mesh Face Groups  Shift+F
— ) —
Opacity 100
———;Q
High Quality @
(i ] OK Cancel
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Rule #5 : Undercuts

= An Undercut prevents the tool from opening
after the part has been made

= “Action” in the tool can relieve these
undercuts so that the part can be ejected
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Rule #5 : Undercuts

® Use Accessibility Analysis to double check your design

© ACCESSIBILITY ANALYSIS

Body Q 1selected X

Change Direction of

| Cancel |

= @ N

INSPECT ~ INSERT ~ SELECT~

&= Measure |

'—T‘l_'| Interference

.f,d\‘a Curvature Comb Analysis
Febra Analysis

= Craft Analysis

E Curvature Map Analysiz
@ lsocurve Analysis

& Accessibiity Analysis

| #3 Winimum Radius Analysis
EH Section Analysis
e Center of Mass

% Display Component Colors Shift+N
@|. Dizplay Mesh Face Groups  Shift+F
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Review of an
Injection
Molding Tool




Gate and Runner

Sprue

Plastic Part

Gate
‘//////,,

Runner
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The Injection Mold

—/

ll_-_-—i"j(;,

O, — 1
XSS VS

Moving Half
B-side
Core side

K. SN T S

Stationary
Half

A-side
Cavity Side
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2 Plate Cold Runner

(1 -_u—ii“‘h‘;f‘;
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3 Plate Cold Runner
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Hot Runner
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Gate Location
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Gate Location Comparison - Filling

s @

© TEXT COMMANDS
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Gate Location Comparison - Injection Pressure

Study 4 - Injection Molding Simulation ~  Injection pressure  ~ X Study 6 - Injection Molding Simulation ~  Injection pressure  ~ X

540 100.7 «
. . o2
S
z
z
H
z
g
z
Injection pressure (MPa) Injection pressure (MPa) 3

Max Cam Mo

Min

C-EsQar Wiy o

© TEXT COMMANDS
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Gate Location Comparison - Deflection

Study 4 - Injection Molding Simulation ~

Deflection (alleffects) ~ | X

177

gy Deflection (all effects)
(mm)

(

Study 6 - Injection Molding Simulation ~ | Deflection (all effects) ~ | X

157

gy Deflection (all effects)
(mm)

D

AN ONYWWOD

© TEXT COMMANDS
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Injection

Molding
Simulation in
Fusion 360




Summary

1. Uniform wall thickness
2. Uniform wall thickness
3. Radii
4. Draft

5. Undercuts

4 AUTODESK UNIVERSITY



AUTODESK
UNIVERSITY

Autodesk and the Autodesk logo are registered trademarks or trademarks of Autodesk, Inc., and/or its subsidiaries and/or affiliates in the USA and/or other countries. All other brand names, product names, or trademarks belong to their respective holders. Autodesk reserves the
right to alter product and services offerings, and specifications and pricing at any time without notice, and is not responsible for typographical or graphical errors that may appear in this document.

© 2022 Autodesk. All rights reserved.



