Resin mould design with Fusion 360 (3.0)

3D printed Mould
Fusion 360 model

Fusion 360 file : https://a360.co/3sgnplD

Video : https://youtu.be/BJTsWPBXNDI
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Introduction

Mould injection revolutionised manufacturing, enabling precise production of intricate plastic
parts. It's a cornerstone in various industries, optimising efficiency and design possibilities.
Plastic injection moulds have inherent constraints dictated by moldability. The final shape must

allow for easy removal from the mould. This constraint influences design, affecting not only
aesthetics but also the mould's practicality and efficiency.

Various moulds, such as aluminium, plaster, epoxy, silicone, and 3D print resin, cater to diverse
needs, offering flexibility, durability, and precision for different manufacturing processes.

This document is dedicated to the 3D design process of creating 3D print resin moulds for
plastic injection. The mould used in this document is created as an exercise.

Components

e Mould Shells (8 & 9)
e Injection Bracket (2)
e Assembling Components Screws and washers (3,4,5,6 & 7)
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Functions

Shape cavity

The cavity of the mould will shape the melted material. The mould cavity depends on the
model's shape, the material retract after injection and the viscosity of the melted material. For
solar plastic recycling the materials used can be PP HDPE LDPE and PLA.

Fixation of mould shells

The mould fixation can be done by using metric screws with washers or can be done by using
two metal planks to pinch the mould. In our case we will use screws and washers.
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Fixation of injection cartridge

For the cartridge fixation on the mould we’ll use an aluminium part called injection bracket. The
position of the injection bracket is defined by the injection entry point.

Air outlets

During the injection the air captured inside the cavity need to leave, for this some canals need to
be done :
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Transparency

The transparency is very important to manage the injection process force and don’t break the
mould when the cavity is field.

Smart lock

To close the cavity with a maximal pressure and ensure proper closure of the cavity during
injection. By reducing the surface contact between the two shells of the mould, the closure
pressure can considerably augment.
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Smart Open

To open the mould after injection and extrusion
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Moulds characteristics

Mould’s material
The material used for the mould 3D printing is important because of strength, temperature

resistance, melted plastic adhesion and needs to be transparent. The resins used for mould can
be water based standard.

Dimensional

The maximum external dimensions of the mould are fixed by the 3D maximum printing size of
the 3D print machine.

The mould cavity size depends on the fixation type and injection entry point position.
Strength

Using 3D printing moulds for solar plastic injection, the maximum pressure of injection needs to
be moderated to not break the mould.

Number of injections

During the process, due to the fragility of the material, the temperature, the plastique dilation
strength, the pressure or shocks during use generates degradation of the mould.
Used in good conditions a mould can do about 500 injections.
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Model Part Preparation

Before starting to create the mould we need to ensure that we can unmould the shape we want
to inject. For the example will use a random shape with precise functions in a file called
Part_to_inject.

3D model : https://a360.co/46uYqeZ
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Analysis

Shape
Silhouette curve

Analysing the silhouette of a part is crucial for mould design. It helps in understanding how the
part can be demolded successfully without damage.

Using the_Fusion 360 draft analysis tool it's possible to schematise the silhouette line :

Analysing the silhouette of a part is crucial for mould design. It helps in understanding how the
part can be demolded successfully without damage. In this case the silhouette line is
tridimensional, schematised in red, separating the green from the blue.

For 3D printing moulds, the silhouette line needs to be in a plan.

See the video of draft analysis : https://youtu.be/SMvCmyP6Lik
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Unmolding angle

A minimum plastic moulding angle is required for demolding the part after injection. The analysis
displays surfaces with a colour gradient based on the draft angle.

@ EDIT

Body k. 1 selected 4
Direction [ Select

Draft Angle 2.0deg . 2.0deg .
Tolerance Zone IZI

Tolerance 05deg . 0.5deg
Cpacity 100

High Quality (]

i ] OK Cancel

The recommended minimum draft angle is 2°, but for secure moulds, we advise using 4°.

Surfaces without a demolding angle are highlighted in red, indicating that demolding is
impossible.

See the video of vertical faces :https://youtu.be/RmXIM60IBWo
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Thin walls and deep holes

Due to the process, with resin non warmed moulds the global shape needs to be analysed and
see thin walls and deep holes.

Use the 3D section view

Long and thin walls have some limits depending on the material injected and the fact that resin
moulds are not pre-heated. Deep holes in the part means thin tours in the mould in resin, a
fragile material sensitive to dilatation.
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Size for injection

The material used for injection will be stored in a metal cartridge, during the injection process
the material will be compressed and some will stand in the injection canals. The best way to
ensure the material for injection is by using the mass as a parameter.

To have the mass of the 3D model, the_Physical Material needs to be set.

PRAS rarto_iniectv2 []O]

© PHYSICAL MATERIAL

v In This Design

Polyethylene, Low Density

Polyisocyanate

Polyisocyanurate

Polymide (Kapton)

Polypropylene I

3
2

Polystyrene, Expanded

EEEEEEERD

Close

Once the physical material is set, the body properties can give the mass of the part.

® PROPERTES.
Bodies (1)
Area 2413918 M2
Densty 0.001 g7 mm'3
Hass 53%g

6002.136 M3,

Polypropylens

Surface - fatte.

» Bounding Box

Centerof Mass  -0.006 mm, 0.242 m, 1.1 mm

» Moment of Inertia at Center of Mass (g m...

» Moment of Inertia at Origin (g mm-*2)
Copy To Clpboard

oK Cancel

The mass of plastic used for the injection canals includes, needs to be superior to the mass
loaded in the cartridge.

See the video : https://youtu.be/PCGzlctpoj0
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Modifying Shapes for plastic Injection

Silhouette curve

Changing the external shape into something symmetrical, to the silhouette line in a plan :

See the video of draft analysis : https://youtu.be/5SMvCmyP6Lik
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Vertical faces
As shown by the Draft analysis tool, unmold surfaces can’t be vertical.

I's possible to create inclined surfaces with the taper angle in the extrusion function

@ EDIT FEATURE

Type m
Profies k1 zelected 4

Start | Profik Plane -

Direction ) One Side

i
Extent Type o Al

Flip H

Taper&ngle 4 deg
—_—

Operation

Laj Cut

» Objects To Cut

[i ] 0K Cancel

To change existing surfaces, using 3D parametric draft function
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@ EDIT FEATURE

[ &

Type
Pull Direction k1 zelected [
Faces [ 3selected X

Tangent Chain @

Flip Pull Direction -

Angle 2.5 deg
Draft Sides £ One sige -

Cancel

OK

See the video of vertical faces :https://youtu.be/RmXIM60IBWo

Sun Factory
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Fillets

To facilitate the fluid injection, the mould resistance, the part resistance and estetic, is suitable to
use the maximum of fillets.

Scale the model

To account for material retraction after injection, it's crucial to adjust the model's scale.

Shrinkage in moulded plastic is influenced by factors such as temperature changes, material
composition, molecular weight, crystallinity, and additives like fillers and pigments. The model is
scaled using the following shrinkage values for specific plastics: HDPE (3.5%), LDPE (2%), PA
(1.5%), and PP (2%) (Source).

The Scale function is then employed to increase the model's size based on the chosen injection
material.

@ SCALE

Entities [ 1 selected X

Point k1 selected 4

Scale Type E Uniform v

Scale Factor | 1.02

(i ] OK Cancel
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Creating the 3D Mould Model (video)

Using the model file to create the mould

First step in Fusion 360 is to name and SAVE your mould file. In our exemple we call it
“Resin_mould”.

%  SunFactory Lisbon * Mould_presentation [}

i@ Part_to_inject
7:52:48 PM
Vil

i@ Resin_mould

32217 PM

Q Vi

The 3D model used for the mould cavity is imported by drag and drop into the “Resin_mould”
file, creating a link between the two files.

Utilise the joint function to position the imported 3D object by aligning it with the mould parting
plane. Ensure the alignment of the demolding plane with the horizontal plane of the mould file.
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Defining the outside shape

Printing size of the 3D printing machine

Create a sketch to illustrate the maximum printing size of the 3D printing machine. This step is
crucial to assess the printability of the mould. Refer to the machine specifications to determine

the precise printing size.

Fixing holes

To fix the resin mould only with screws and washers we preconize at least M6 size with bonded
Washers.

A minimum of material is required in resin moulds for M6 we preconize 6.2 millimetres holes
with 5 millimetres

volks.eco 19 nF r


https://www.volks.eco/services/formations/formation-cao/
https://www.instagram.com/sunfactory_pt/

Resin mould design with Fusion 360 (3.0)

Injection bracket positioning

The positioning of the injection bracket depends on the entry point and significantly influences
the external shape of the mould. The injection bracket is secured by two metric screws (M4) to
the mould shells, defining the injection point. A base of 60mm x 30mm is required to support the
injection bracket.

Section of the mould

By combining various pieces of information such as the printing size of the
3D printing machine, dimensions of fixing holes, and the positioning of the
injection bracket, the section of the mould can be precisely defined.
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Mould volume
After defining the section of the mould defined we can extrude the volume of the mould

@ EDIT FEATURE

Type Tl
Profiles v 1 selected 4
/‘9\ Start b Frofie Fiane -
Direction e Two Sides -
—
e
____‘,-—/_I ExtentType || Distance v
“——-_____________ _  —
Distance 6.50 mm +_5r£r.n_
——w__ TaperAngle |0.0deg
= R
— —~ ¥ Side 2
—"—/-/—-__ | L ExtentType || Distance -
’________.———-'-'-_--
i-_——- Distance 9.00 mm+5 mm
-————____-______-

Taper Angle | 0.0 deg

\G‘/ Operation () New Body -
0

Cavity

The cavity of the mould is done by volume subtraction using the Combine function

<« BROWSER .
PR fe_Resinmouiavs [ JO)
D % Document Setiings.
4 8 Vamesviews
op
FRoNT
5 o o reaTURe

@ roue

expode
D © i o
D © M anyss
D © M oms

Target Body

Toolgodes b 1seecid X

Operaton a@ -

oy
D @ il Sketches

D © ()@ rattoinectva
D ® (@ & ction brackstvz

See the video : https://youtu.be/BJTsSWPBXNDI
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Mould joint plan

After creating the cavity by subtraction the split body function is used, selecting the mould body
to split and the horizontal plan as the splitting tool

@ EDIT FEATURE

Body to Spit

Spitting Tool(s) [ 1selected X

°

See the video : https://youtu.be/BJTsSWPBXNDI
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Injection point

Resin moulds used during the solar plastic recycling process aren’t heated, the entry point
needs to have the biggest section possible without changing the part functionality or design.

Using the loft function to create a smooth entrance for the melted plastic adding fillets to the
canal edges with the the fillet function
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Smart lock

Using the offset function in sketch the surface contact in the plan joint is reduced for more
enclosure pressure. A 4mm large band is recommended.

Chain Selection @

Offsetpostion 4 mm B

Fiip &

Using the extrusion function to cut both bodies symmetrically about a 0.3mm whole length.

b Profie Plane.
A Symmetric -

A e fefostonce -

el aal E
bstance  03mm ]

Tt 0008 \

‘Operation 1 Cut -
v Objects To Cut
@ Hould_Shell_1

@ Hould_Shell 2

o
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Air outlets

To ensure a smooth injection process, we need to create pathways for air to escape during
moulding. This is achieved by using the extrusion function to carve out channels within the
mould design.

L

T

Using the extrusion function

4.00

0.60

ﬁ——
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Mould analysis

Before finalising the mould design, it's crucial to conduct a comprehensive analysis to ensure its

effectiveness. This involves assessing various aspects such as draft angles, sections, and
injection results.

Draft analysis

Draft analysis is an essential step to evaluate the angles on the surfaces of the mould. This
process helps in determining the feasibility of demolding the final product successfully. It is a
critical factor in achieving a seamless and efficient injection process.

© DRAFTANALYSS

Diection Iy select

Dratange  -20deg 3 20¢eg 3
——

Tolerance Zone @)

Tolerance 05deg|Z 05ceg |
——

opacy 100
—

High Quaity aQ

o Cancel

I T sclected x

1 selected BN

20deg 3 20deg 3

oK Cancel
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Section

Understanding the sectional view of the mould is vital for a holistic assessment. It provides
insights into how different components come together and allows for fine-tuning the design for
optimal performance.
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Injection moulding stock

Simulating the injection process is a key phase in the design workflow. This is accomplished by
creating a new body through extrusion, mimicking the injection of plastic into the mould.

~

© EDIT FEATURE

Type i

Start b Frofie Plane

Direction S symmetric

ExtentType |+ Distance

Weasurement E m

Distance 11.50 mm

TaperAngle 0.0 deg

Operation L} Hew Body

OK Cancel

The next step involves using the combine function to integrate this simulation with the overall
mould
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Draft angle analysis

It's always advisable to check if the injection moulding stock is demoldable using the draft angle
analysis function.

Mass analysis

Mass is a key parameter to scrutinise as it indicates the mass of plastic material required for the
injection.

The physical material assigned to the model plays a pivotal role in determining its physical
attributes.

In the model browser, using the right click consult the properties of the body to have the mass
value.
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License

This document was written by Marco Bernardo and presents methods developed within the
Sun Factory Project to achieve efficient solar-powered plastic recycling. The techniques
outlined here are designed to empower communities by transforming PP, HDPE, LDPE, and
PLA plastic waste into useful, sustainable products using solar thermal energy and 3D resin
printing technology.

Our approach promotes sustainable innovation and empowers local initiatives to harness solar
energy for recycling and production using only sunlight and human strength. To spread our
know-how, we have adopted the Creative Commons license CC BY-SA, encouraging open
sharing and adaptation of these methods for the benefit of all.

This guide is available under the Creative Commons Attribution - ShareAlike (CC BY-SA)
license. This means you are free to:

e Share — copy, distribute, and transmit the document in any medium or format.
e Adapt — remix, transform, and build upon the document for any purpose, even
commercially.

Under the following terms:

1. Attribution — You must give appropriate credit, provide a link to the license, and indicate
if changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.

2. ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license.
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Learn more about 3D parametric with volks.eco Fusion 360 Videos

https://www.youtube.com/watch?v=MGjOvimIBBw

https://www.youtube.com/watch?v=zhofvyx3bC0

https://www.youtube.com/watch?v=jccU1waabO8

https://www.youtube.com/watch?v=epU2c1klYW4
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