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Learning Objectives

e Learn how to configure and apply plastic rules to a design, then how to interpret the
design advice for a part.

e Learn how to add common plastic features to a part, such as snaps and bosses.

e Learn how to analyze a snhap design for performance, including deformation during
engagement.

e Learn how to determine the mold-filling characteristics for a part.

Description

Designing parts for the injection molding process often relies on experience and generic
guidelines. Determining the needed geometry for design features can be very time consuming.
In this session, we’ll look at how we can streamline this process using Autodesk Fusion 360
software and its extensions. Autodesk Fusion 360 Product Design Extension includes tools for
the quick addition of common features, such as snaps and bosses, to Autodesk Fusion 360
parts. Will these features work? Will the snap fail during initial assembly? Will there be sink
marks if a boss is molded as designed? Autodesk Fusion 360 Simulation Extension tools for
stress analysis and mold-filling simulation help answer these key questions. Now we can catch
and correct potential issues early in the design cycle, when there’s still time to react and cost of
changes are relatively low.

Speaker(s)

I am an Applications Consultant with Synergis Technologies LLC, specializing in mechanical
design and analysis. | have worked with CAD/CAE tools for almost 40 years as a design
engineer, CAD manager, trainer and consultant. My primary focus has been in the mechanical
design and manufacturing areas.

Prior to joining Synergis my work often included designing injection molded parts. | was part of a
group that developed an in-house program for teaching the design methods for injection molded
parts to new hires.

I have taught design classes at Autodesk University, our own Synergis University and at the
college level.

Page 1



AUTODESK
UNIVERSITY

General Notes About This Class

This class was developed with the assumption that a designer will be using Fusion 360
with the Product Design extension.

I will use the phrase “plastic part(s)”, and “injection molded plastic part(s)”
interchangeably in this document. While there are many other manufacturing techniques
available for creating plastic parts besides injection molding, this class will focus only on
injection molding.

This class will focus on parts made from a single material. Other processes, such as
over-molding and dual-material injection are beyond the scope of this session.

The term “resin” will refer to the plastic raw material that is injected into the mold to
create the part.

| won’t go into the history of the manufacturing process here, other than to say that the
methodology of designing mass produced, injection molded parts has been evolving for
over seventy years.

Challenges Designing Injection Molded Plastic Parts

Typical resins used for plastic parts shrink as they cool during the injection molding process.
This shrinking will happen until the resin solidifies. Portions of a part that are thicker than others
may cool slower than other portions, so may have the opportunity to shrink more.

This creates several challenges for the part designer:

Unequal shrinkage due to different cross-sectional wall thicknesses.

Surface irregularities due to unequal shrinkage. These are known as “sink marks”.
Stresses within the part, caused by resin trying to shrink away from already frozen
portions of the part. This is known as “molded-in stress”.

The part shrinking onto the core of the mold, making part ejection more difficult.
Part deformation due to unequal shrinkage. This is known in general as “warpage”.

Other challenges for the part designer include:

Portions of the design being “shadowed” by the rest of the part. This is also called an
undercut, and can lead to more expensive mold design techniques to allow the part to be
ejected from the mold at the end of the cycle.

Mold
opening
direction.

Undercut

Example of an Undercut
Locations of weaknesses in molded part due to the molding process. These include

areas when the flow of the molten material has separated and has to rejoin to finish
filling the cavity. These are known as “weld lines”.
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Actual Weld Line Example

By addressing these issues during the design process their effects can be accounted for, and
maybe even avoided. That helps the designer take advantage to the benefits of injection molded
parts, including:
e The large assortment of materials available for injection molding. These offer a large
range of properties, including:
o Operating temperature ranges
o Stiffness/flexibility
o Thermal insulation
o Electrical insulation
o Molded-in coloring
¢ A wide range of surface appearances are possible.
e Useful for Design for Assembly (DFM). A single part can perform many functions.
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The “nominal wall” is the main consideration when designing plastic parts. It can be defined as
the typical thickness of a part. It is often the value used when using the “shell” command in

CAD.

Basic Fusion 360 is certainly capable of designing plastic parts. It has the SHELL command to
help develop the nominal wall. It has a tool for inspecting wall thickness for variation.
Unfortunately it is still easy to miss portions of a design that may cause problems, both in terms
of part cost and performance. The addition of the tools in the Product Design Extension greatly

reduces that risk.

Extension Manager

Available Extensions

Additive Build
Generative Design
Machining

Manage

MNesting & Fabrication
Product Design

Simulation

Account:

extra functionality to existing
e you to spend tokens or

Product Design

Access enabled -1 day remaining

performance and y
process and turn your ideas into finished products faster.

Plastic Rules

Assign plastic rules to components to automatically control the properties of
plastic features, like physi
existing rules, or save rules to a library to use the

m in multiple

Plastic Design Tools
Use the Boss and Snap Fittools
pull direction, and fillet radius to

e plastic features. Add draft angle, draft
and Rib features.

Presets
Create setting presets to quickly reuse commaon values.

Geometric Pattern

Create complex patterns with adjustable size and distribution gradients across a
selected face.

Current Balance:

Close

Product Design Extension Tools
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FUSION 360 CORE DESIGN TOOLS

CREATE B e « ﬂ-u..-. 1.n - _ LT — -+ 08 20 3

. = W 1- ] - ¢ B ' L9, ,' SRLL =
o Ribs =L = OO * ASSEWBLE® | COMSTRUCT* WsPE

DESGE -

o Webs

MODIFY

o Shell

o Draft =
o Splits
INSPECT

o Draft Analysis

o Section Analysis IB -

Core Fusion 360 Design Tools Useful for Plastic Parts

PRODUCT DESIGN EXTENSION - PLASTIC

HE &8 & a P Untned -+0¢t62

SETUP - GOALSRGE DS = s 74 =@ : BN

* Assign Plastic @559 P1| [ oo e S
Rule B tianage 71§ coeer

* Manage Plastic
Rules

CREATE .‘4«

* Boss

« Snap Fit =
* Rest ;.‘
Inspect

® Design Advice

Fusion 360 Product Design Tools Useful for Plastic Parts
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Configuring And Appling Plastic Rules

When the decision is made to design a part for injection molding the first step should be to go to

the PLASTIC toolbar and assign a design rule to the part.

E Autodesk Fusion 360

= h- RN P Enclosur,

SOLD SURFACE MESH SHEET META
- @S & —
oo (G 0@ 6 @ E———

CREATE ~

[> %% Document Settings

(g Plastic Rule: ABS {1.5mm)

Applying a Plastic Rule.

ITILITES

. FOrd

This will set the Physical Material of the part. It will also specify various parameters that will be

used by tools such as the wall thickness in the Shell tool.

I| @ MANAGE PLASTIC RULES

v [ inthis design

~ ABS (1.5mm)

Physical Material ABS Plastic
Thickness Range 1.20-3.50 mm
Thickness 1.50 mm
Thickness ariation 0.225 mm
Draft Angle 2.0 deg
Minimum Draft Angle 0.5 deg
Nominal Radius 0.75 mm
Knife Edge Threshold 1.00 mm

~ il Library

ABS (1.5mm) (Default)
Nylon (PAG) (2.5mm)
Polypropylene (PP} (3 mm)
ABS (0.1 in)

Nylon (PAG) (0.1 in)
Polypropylene (PP} (0.1 in)

* ABS (0.08 in)

Physical Material ABS Plastic
Thickness Range 0.04-0.118 in
Thickness 0.08 in
Thickness Variation 0.012 in
Draft Angle 2.0 deg
Minimum Draft Angle 0.5 deg
Nominal Radius 0.04 in
Knife Edge Threzhold 0.04 in

(i ] Close

Plastic Rules.
ABS (1.5mm) has been applied to the part.
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Parameters

Parameter Name Unit Expression Value
Favorites
User Parameters ar
~ Model Parameters
W Plastic Rules
v ABS (0.08in)
17 Thickness(T) d1 in 0.08in 0.08
kg DraftAngle(DA) d2 deg 2.00 deg 20
'f:f NeominalRadius(NR) d3 in 05*d1 0.04

Parameters Created via Plastic Rules.

Several common engineering grade resins are included in the Library. Other materials can be

added to the Library as needed.

I| & MANAGE PLASTIC RULES 3

v E In thiz design
ABS (0.08 in)

~ il Library
ABS (1.5mm) (Default)
Nylon (PAG) (2.5mm)
Polypropylene (PP} (3 mm)

ABS (0.1in)
Nylon (PAS) (0.1 in)
Polypropylene (PP) (0.1 in)

Mew Plastic Rule

ABS (0.06)

Edit Plastic Rule
Mew Plastic Rule

Physical Material

Thickness Range Minimum

Set as Default
= au Thickness Range Maximum
Delete
Thickness
Thickness Variation
Draft Angle

Winimum Draft Angle
Nominal Radius

Knife Edge Threzhold

(i ] Close

ABS Plastic

| 0,03 in

| 0.0% in

| 0,06 in

| 0.15*Thickness

| 2.00 deg

| 0.5 deg

| 0.5*Thickness

[ 003in

Cancel

Creating a Plastic Rule
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Interpreting Design Advice

The Design Advice tool set gives feedback while the design is being developed. This advice is
based on both part geometry and the indicated mold opening direction. This allows the tool to
interpret inclines as draft angles and shadowed geometry as possible undercuts on the part.

=@ o I

=l Measure l

|-—l:| Interference

h{r]%\ Curvature Comb Analysis

Zebra Analysis

:i Draft Analysis

= curvature map Analysis

ﬁ lsocurve Analysis

& Accessibiity Analysis
}‘) Minimum Radius Analysis

:EH Section Analysis

e Center of Mass

(& Design Advice

%’ Display Component Colors  Shift+N
@l. Display Mesh Face Groups  Shift+F

Activating Design Advice

© DESIGN ADVICE

Solid Body [} 1selected X

Pull Direction [y 1selected X

Flip Pull Direction ¢

» Thickness
» Undercuts.
» Draft

» @ Knife Edges

[} | Close |

Select Body and Pull Direction, then Analyze

Types of advice include:

e Thickness and Thickness Variation
e Undercuts

e Draft angles

¢ Knife Edges
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+« BROW:

PRTN 7. crciosure-Comvictcavi LY
£+ Document Settings
e
i origin
© M Joints

PC Board:1
Enclosure Base:1

90417A116_Philips Rounded Hea

90417A116_Philips Rounded Hea

90417A116_Philips Rounded Hea

Enclosure Top:1

D
D
D
D
D
Dle
D s
D
D
D
D Js

@

()
® @
® () 90417A116_Philips Rounded Hea
>0

(@]

(@)

|| @ DESIGN ADVICE

Manufacture

Injection Molding

Solid Body [ 1 selected

Pull Direction [} 1 selected

Flip Pull Direction //

= | & || |[E

¥ Rule Details: ABS (0.08 in)

x

x

Thickness Range 0.04-0.11& in
Thickness Variation  0.012 in
¥ Details
Display D [j
Alert Type Q Large Thickness Var... v
Isolate Alert e
Region 1 0.024~0.055 in ©
Region 2 0.024~0.055 in O
Region 3 0.024~0.055 in O
Region 4 0.024~0.055 in O
Region & 0.024~0.055 in O
Region & 0.024~0.055 in ©
Region 7 0.024~0.106 in O
Region 8 0.024~0.055 in O
[i ] Cloge

dPEYT Q-

-8\

Initial Results

| @ DESIGN ADVICE

Region 4 0.024~0.055 in o
Region 5 0.024~0.055 in O
Region & 0.024~0.055 in O
Region 7 0.024~0.108 in O
Region & 0.024~0.055 in O
Region 9 0.024~0.055 in o
Region 10 0.024~0.055in ©

¥ Recommendations

Large Thickness Variation

Regions with large variation in thickness may fill
and cool unevenly, Thick regions may lead to
longer manufacturing cyde times.Slower cooling
can cause uneven shrinkage and sink marks,
which warp the part.Thin regions may fill slower or
have difficulty filing completely. They cool faster
than thicker regions. This can cause uneven
shrinkage, which warps the part.

Advice

Try to maintain uniform thickness.

Increase or decrease thickness in regions of high
variation. In general, thickness variation should
be kept under 25%.

Adjust draft angle. In general, ribs should be 50%

of thickness.
Draft

[i ] Close

3

I @ DESGNA
Manufactre jecton Moking
Sold Body 1 sekected X
PuDrecion | Iy 1selected | X

Fiip Pul Direction

S| QIEB|IE
v @ Thickness
¢ Large Thickness Variation: 23
regions exceed the maximum
percentage Thickness Variation.

Too Thin: 16 regions are thinner
than the lower limit of the

View Details
v @ undercuts

@ Undercuts: 2 regions contain
undercuts that wil interfere with
ejection from a mold.

View Details

v @ oratt

meet the Minimum Draft Angle.

View Detais
o Close
I| @ DESIGN ADVICE
¥ Recommendations
Large Thickness Variation

Regions with large variation in thickness may fill
and cool unevenly. Thick regions may lead to
lenger manufacturing cyde times, Slower cooling
can cause uneven shrinkage and sink marks,
which warp the part. Thin regions may fill slower or
have difficulty filing completely. They cool faster
than thicker regions. Thiz can cause uneven
shrinkage, which warps the part.

Advice
Try to maintain uniform thickness.

Increase or decrease thickness in regions of high
variation. In general, thickness variation should
be kept under 25%.

Adjust draft angle. In general, ribs should be 50%
of thickness.
Draft

Manage Plastic Rules to verify the Thickness
Variation is defined correctly for the plastic
material.

Manage Plastic Rules

Set up an Injection Molding simulation study to
get accurate information based on process
settings, material selection, and injection location.
Create an Injection Maolding Simulation Study

[i ) Close

Detailed Results and Recommendations

@ Insufficient Draft: 6 regions don't
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Each of the Design Advice categories can be investigated separately. Areas of concern are
highlighted, and recommendations are offered.

After a design change is made, re-run the analysis.

Adding Snaps and Bosses

Snaps

Placing multiple, individual snaps allows each snap to have a different orientation, while helping
to keep the Design History small.

Adjust the shared geometry features, including draft angles, to develop the desired snap shape.

« BROWSER |

4 ] Qe

1
3 Document Settings
(@ Plastic Rule: ABS (0.02 in)

Named Views

4
b ® e I| © EDIT FEATURE »
> Bodies iiis Feature Values v+
I3 Senes, .
| —" =]
k2 { i
i
™ v
= <
[
Sketch Points. & 2selected [N
Fiip @
f -

=
]

Rotation Type Independent
Extent Type: - o Next
Base Filet Radius 0.0 in

¥ Hook: ABS (0.08 in)

Body [3 1 selected X

[ A Tz
‘
a B |o20
"\I _lL_ in
c |a
D 050
D[+ E
[f 9 .
FooTis
6
H

T2

T
ol |50.0deg

a2 [50.0deg

(i) OK Cancel

COMMENTS Multiple selections

Adding Independent Snaps to Sketch Points

Bosses

Bosses are also placed on sketch points. The tool can be used to place mating bosses, and can
include hole features for assembly screws. If holes are included
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44 BROWSER e ® BOSS
4 o [(ETI=Te © Fusion 360 Default v+
! t Seti
D £ Document Settings B e | o, e
@@ Pastic Rule: ABS (0.1n)
Visibi
Dl Named Visws Ly E
4w Sketch Points. x
o 000 | : Fiip Z
I x
Offset Position 000n
1 v
[ ¥ Fastener
B oxr Create Component (@)
B e Head Blzereze
| vz R,
Tz Cl®®@c®®®
4 e =
Sketchl = ©

- T \ T [—— .
Dl® (J sotom1

—. \ Thread Angle: 30° -
Dle [ = T Thread Dismeter  #1 -
S > Length 304 -
Fastener Material  Carbon Steel
=] Surface Finish Black
v [ side 1: Top: ABS (0.1 in)
Hole Type: [ | H
Step Type | [} E
» Advanced
v [@ side 2: Bottom: ABS (0.1 in)
Hole Type: m [
Hole Depih Type LI |
» Advanced
COMMENTS el & ™ Q- E- @
Creating Bosses
Il & EDIT FEATURE >
Feature Values v+
8 Boss | [ Ribs
¥ Advanced || @ EDIT FEATURE »
!
T Ba |TD*0.8 Feature Values v +
2 C: TD*15
0 [ * = @ Boss | [ Ribs
* o w2 Visibility
F .
T Fz 0.083 in .
w () side 2: Box Half (vi~recoversd): ABS (0,08 in)
B J2 T2*08
f—s{
0z |0.00in 4
R:  |T2r025 —
360.0 deg
0.0 deg
Riz 0.00in
Réz 0.000n
RS2 |0.00in
0.03%in
R62 0.00in
7 Ré 0.0 deg
il RT: (0.000n
K 0.394 in
0.00 in
] a3 a2z |0.0deg ?I32 0.039in
g 32 004 1
adz2 .0 deg 5.0de
k% B g
adz DAZ 30.0 deg
= L1 0.00 in
0.00 in
[i] OK Cancel [i] OK Cancel

Boss Tool Advanced and Rib Tabs
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Bosses can be created on one or both parts of an enclosure. Holes can be included, and
fasteners automatically added within the command.

The Advanced option within the tool allows the adjusting of the default shape values, such as
draft angles on holes and wall thicknesses.

The Ribs palette allows stiffening ribs to be directly added to the bosses and includes the ability
to adjust their parameters.

Adding Ribs and Webs

Ribs can be added to stiffen sections of a design, or to help channel resin flow during injection
molding. They are created parallel to the sketch plane.
Ribs for stiffening bosses should typically be added with the Boss tool.

@ RIB:ABS (0.11N)

% Fusion 350 Default |+
Profile % 1seler.. X
Thickness TizZ

Thickness Direction }l’ A

Start | .

Extent Type -’_|l To Next b
Flip Direction & \
Draft Angle D& \

Draft Pull Direction [ 1seler.. X
Flip Pull Direction &

Fillet Radius T*0.125

Cancel

Creating a Rib

Webs are networks of ribs that are created perpendicular to the sketch plane. The sketch lines
don’t have to extend all the way to the bounding walls, as there is an Extend Curve option.
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N

© WEB:ABS (01N
Fusion 350 Defautt |+
Thickness T

Thickness Direction e

Start M| .

Extent Type sl ToNext  ~
Flip Direction @

Draft Angle DA

Filet Radius T:0.25

Extend Curves %}

e 0K Cancel

Creating a Web (Sketch lines are in blue.)

Analyzing Mold Filling of a Design

O "R v A . 9 Bad Design Example vi1 x4+ O @ £ 0 3
SETUP
SIMULATION ~ E.‘ [/\1 D .::E:. E 6 l‘f‘ @ @ é}EI o L’—‘"j =
STUDY SIMPLIFY ¥ TARGET BODY ¥ MATERIALS ¥ BOUNDARY CONDITIONS ¥ PROCESS SETTINGS ¥ MANAGE ¥ SOWVE™ RESULTS ™ INSPECT SELECT ™
<4 BROWSER el
A B simulations St )
[ units: Custom "“MQEI
i

PR] Fo  simuiaton biodei 1 [C] )
D W named views
D @ M origin
> © El Construction
D Ml Model Components
4
D () TaroetBoay
D & Study Waterials
D © © njection Locations
D © ] AestheticFaces

i3 Process Settings

B resurs
D @ ol study2 - jection Mokiing Sim....
D @ H study3-njection Molding Sim.

Injection Molding Simulation Environment

The Injection Molding Simulation follows the basic pattern of the other Fusion 360 simulation
studies: start at the left of the ribbon and work towards the right.
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Analysis Setup

The STUDY is automatically created when the analysis type is selected.

The SIMPLIFY tool can be used to remove small faces or features, but isn’t used as often in
mold filling simulations as it is in stress analysis. If the design included molded-in lettering or
similar features that were very shallow when compared to the thickness of the part, then
consider removing those faces, but otherwise analyze the part as it is modeled.

The TARGET BODY is identifying the volume that will be analyzed.

STUDY MATERIALS brings up a list of over 12,000 materials to select for the study. For general
design work | typically stay with choices that start with GENERIC, as they aren’t a specific
manufacturer’s resin. Of course, if you know the specific resin that will be used that should be

selected.
E- LR R
SETUR
SIMULATION + E‘J E‘i g
STUDY™  SMPLFY~™  TARGET BODY ™
« BROWSER ol
A B simuatons
Materials

@ STUDY MATERIALS

Browse

M Al

© Recents (3)
“ Favorites (1)

Filters Collapse all
= Description
+ Manufacturer

Material structure

Date last modified

Material ID

Family abbreviation

Recommended Processing

+ Mold surface temperature

» Melt temperature

+ Absolute maximum melt temperature

+ Ejection temperature

Rheological Properties

Tharmal Pronertiac

All Results (12385)

Study Material + | Novodu
Manufacturer
GETIETICSITITRYE

Generic Shrinkage

Generic Shrinkage Charact.
Generic Shrinkage Charact.

Generic Shrinkage

Generic Shrinkage Charact.
Generic Shrinkage Charact.

Generic Shrinkage

Generic Shrinkage
Generic Shrinkage Charact.
Generic Shrinkage Charact.
Generic Shrinkage

Generic Shrinkage

Generic Shrinkage Charact.

Generic Shrinkage Charact.

—
€ i
.
BOUNDARY CONDTIONS ™ f

& study Materials

(P Material Properties

HE=R +]
Trade name Family abbreviation Y
GETIETICFFUFFA FPU¥FAR e
Generic SAN SA
Generic PA4E [+ fiber) L4E
Generic PPE+PS PPE+PS
Generic TPO TPO
Generic HIPS HIPS
Generic PAG PAG
Generic PMMA PMMA
Generic PPE+PS (+ fiber) PPE+PS
Generic PPS [+ fiber) PPs
Generic LCP (+ fiber) Lce
Generic ABS ABS
Generic PAG (+ fiber) )
Generic PC+ABS PC+ABS
Generic PC (+ fiber) PC
Rows per page: | 100 1of 124 > 2l
Cancel

Study Materials (Generic Shrinkage Examples)
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Note: The detailed set of material properties can be reviewed with the Material Properties tool.

BOUNDARY CONDITIONS tools are used to add injection locations and specify aesthetic faces
for the analysis.

SETUP

-
SIMULATION ~ Y ["J D -:.:- E B R-‘. ]

[ ¥ L -

sTUDv~>  SMPLFY~  TARGETBODY~  MATERALS~ [N liL el  PROCESS SETTIN

«4 BROWSER e Injection Locations
) sesthetic Faces  Shift=v

A = Simulations

Boundary Conditions for Injection Molding Simulations

The Injection Locations tool is used to specify where resin will be begin filling the part. These

can be thought of as ideal gates. Resin will enter from each gate at the same time and with the
same pressure.

Injection locations can be moved by placing the cursor on the tip of the yellow cone, then
dragging the cone as needed. Note that the cone won’t snap to work points, but work points can

be used to visually position an injection location. Injection locations can also be deleted if
desired.

I| @ INJECTION LOCATIONS 3

& @ hnjection Locationt

v

Adding Injection Locations

Selecting faces to be Aesthetic Faces will have those faces considered when looking for sink
mark in the Results.

The PROCESS SETTINGS can be used to tweak temperatures and injection speed if desired.
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I| @ PROCESS SETTINGS

Injection Time Automatic

® Automatic

¥ Material Specific Setting

Specified

el Temperature 47300 F

Recommended: 445.00 to 500.00 F

Mold Surface Temperature 15800 F

Recommended: 140.00 to 176.00 F
Compensate for Shrinkage @

Shrinkage Allowance (%) 05681

[i ] oK Cancel

Process Settings

The MANAGE tool can be used to change the name of the simulation study.

The Setup Summary tool gives a good last check of the study before running the analysis. The

analysis itself runs on the cloud solver, and results are downloaded into the design, if it is open,
or when it is next opened.

Results

The analysis results are available in three general formats: Guided Results, Results, and
Molding Process.

Note: The part used for the images in this section was deliberately created to show design
problems for injection molding.

s E- ar P -

RESULTS

- F- e @

DISPLAY ~ COMPARE ~ INSPECT * FINISH RESULTS =

Results Tools
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Guided Results

= h- “v o . T Bad Design Example vi2* x [ ® £ 0 3
RESULTS

B O Gl ©
Dist COMPARE ¥ INSPECT ™ FINISH RESULTS ¥
BROWSER

4 ®
@ J Study 3- injection Molding Si.
@ ol Study 2- injection Molding Si.

@ J Study 4- Injection Molding Si.

S Fill > visual defects > Warpage
Fill confidence.

Q> With these study settings,
your part will not fill

completely, and will result Will not fill (0209%)
in a short shot. Use the
guidance below to address
this problem.
Unlikely to fill (1.657%)
@ 0209% will not fill (short shot)
Difficult to fill (151%)
©@ 1657% is unlikely to fill
© 151% is difficult to fill
® 96624%is easy tofill
Next steps
W Short shot
Evaluate material recommended
Easy tofill (96.624%)

Redesign the area of concern if possible

I To increase the temperature at the
flow front:

Decrease the injection time Sra WOy Eriv

©

Guided Results for Fill

The Guided Results tool gives overall information on the final molded part, indicates
areas that have challenges, and suggests possible ways to improve the results. The
guided results are separated into three general areas: Fill, Visual Defects, and Warpage.

In the above image the very thin sections, which are far from the injection location, likely
won't fill. Possible improvements include thickening the geometry or changing the
process settings to help the molten resin to fill the entire mold.

Similarly, the aesthetic face selected in the analysis setup will likely have sink marks
around the base of the screw bosses and several weld lines.
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BROWSER

P fa _ simuiation movei +_[O]

@ ] sty 3 inection voing i

ol
PR
z d X
@ ] sty 2. ncton oo

4 EERETTETETTT—

4 O (ff cosmghines

GOFill <& Visual defects <> Warpage
Filter by /

© P Aesthetic faces -

£ sink mark depth (in)
simulationview  ~
0

@ 1of the 1 aestetic face on
your model will have visual
defects. 1 face will have sink
marks and 1 will have weld
lines.

Next steps

© To reduce the appearance of sink W

Reduce the thickness, or the radius, on
the backside of features

Edit model
Move injection locations to thicker
sections of the model

Edit injection location

View an alternate surface finish

Surface finish

@® Toalter the appearance of weld Wl
lines:

Move the injection location

Edit injection location

Mocify the local thickness of the model

Edit model

Resuc e o pcton FrasIa- BrE- e

Guided Results for Visual Defects

The Warpage results highlight areas where the final molded part is expected to not be
flat. The information can be shown as a warpage value, or a flatness value. The
tolerance slider can be adjusted to see the extent of the warping.

BROWSER

PR fa _simuiation movei +_[O]

© ] Sty 3. Inection Moding Si.

Ry | 167
N
27 PN X

@ ol stuay 2- injection Moiding Si
4
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Fill and Pack Results
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Fill and Pack Results

The full filling results, including animations of the filling process, are available. These can
provide valuable insight as to how the mold is filling, and what the conditions of the resin
are during the molding cycle.
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Available Fill and Pack Information
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Molding Process

The Molding Process results include an overview of the molding cycle for the design,
and links back to the Guided Results. There is also a Table view that shows the detailed
numbers used in the simulation.
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Comparing Results
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Dual and Single Injection Location Results
In this example the results are shown for one versus two injection locations. In this case
both locations are still in the thin portions of the design and adding a second location did
little to improve the overall filling of the mold.

The displays are synchronized, so changes in the view in one window are shown in the
other window.
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Additional Results Tools
Surface probes and cutting planes can be used to understand results in a specific area.
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Many of the results have settings options available by clicking on the gear at the top of
the legend.
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Snap Performance

The ability of a snap to perform its design task will depend on several questions:
¢ Can the designed shape be molded?
e Wil it survive assembly?
e Will it provide sufficient assembly strength?

The first question is answered by the mold filling studies. The answers to the second and third
guestions can be estimated by additional simulations:

e A gquasi-static analysis can look at the motion of the snap during assembly. This is like a
dynamic event simulation except that the event is broken into a series of snapshots, and
time itself isn’t a factor. This means that the inertia of the bodies isn’t considered, and
neither is the rate of deformation.

A challenge with this analysis is that it is a non-linear analysis due to the large
deflections involved, and accurate non-linear material properties can be challenging to
find. Linear material properties can be used with caution.

o Alinear static stress analysis can be run on the assembled design, with holding strength
and snap pull-apart strength being evaluated from the results.
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In the example shown here the Nylon 6 initially chosen for the buckle should be replaced with a
stronger material to withstand the design load when buckled and the deflection while the buckle

is being snapped together.
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Conclusion

Core Fusion 360 design tools can be used to develop parts that will be manufactured by
injection molding, but the design productivity, overall manufacturability, and expected quality of
the final pieces are greatly improved using the Product Design Extension.

Extension Manager

Enhance productivity by purchasing access to . Some extensions add extra functionality to existing
workspaces, while other extensions let you perform unlimited actions that would normally reguire you to spend tokens or

cloud credits.

Available Extensions

Additive Build
Generative Design
Machining

Manage

Mesting & Fabrication
Product Design

Simulation

Account:

Product Design
Access enabled - 1 day remaining

Amplify your product design capabilities in Fusion 360. Use advanced tools to automate
the design of complex plastic features, apply intelligent patterns, and add shape-altering
properties to your designs. Receive manufacturing-aware advice to improve product
perfarmance and prepare your designs for manufacturing. Empower your design
process and turn your ideas into finished products faster.

Plastic Rules

Assign plastic rules to components to automatically control the properties of
plastic features, like physical material and thickness. Create new rules, edit
existing rules, or save rules to alibrary to use them in multiple designs.

Plastic Design Tools
Use the Boss and Snap Fit tools to create plastic features. Add draft angle, draft
pull direction, and fillet radius to Web and Rib features.

Presets
Create setting presets to quickly reuse common values.

Geometric Pattern

Create complex patterns with adjustable size and distribution gradients across a
selected face.

Current Balance:

Close
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