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About the speaker

Joshua Best is a qualified Mechanical Engineer currently working as a
Technical Sales Specialist in the UK and Ireland with a core focus on Fusion
360; Autodesk’s cloud Computer Aided Design, Manufacture and
Engineering Platform. Josh has prior experience working within
Applications Engineering and Technical Sales in the Additive Manufacturing

industry in the UK and is twice published in academic papers.

Experienced in helping businesses identify the scope for revolutionizing
traditional manufacturing through Computer Aided Design and
Manufacture, Josh’s passion stems from a desire to help form a better

world through technology.




Learning Objectives

LEARNING OBJECTIVE LEARNING OBJECTIVE

Understand what is involved in typical additive Learn how to apply best practice to additive
manufacturing workflows manufacturing strategy

LEARNING OBJECTIVE LEARNING OBJECTIVE

Examine your readiness level for adopting additive Examine where additive manufacturing may be used

manufacturing within your business



Agenda

WHY

]
MOTIVATIONS FOR 3D PRINTING

 Advantages
e Business benefits

 Value add applications

First 15 minutes

WHAT

]
WHAT IS INVOLVED?

« Software / Hardware /
Materials

* Design to Manufacture

Time Stamp 15 minutes

HOW
[

HOW CAN WE TAKE ADVANTAGE?

« Typical workflow

demonstrations

Time Stamp 20 minutes

WHAT’S NEXT?

I
ADDITIONAL RESOURCES

« (Getting started resources

Time Stamp 50 Minutes






* Localized Supply Chains

* Rapid Prototyping -

* |Increased Automation

Toronto Technology Centre
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* Increased Design Freedom
*  Manufacture the Previously Impossible

*  Explore New Aesthetics

JPL Lander



Generative Design &
Additive Manufacturing

8 components into 1 part

40% lighter
20% stronger

Part Consolidation
Increased Performance

Lightweighting



Time to Market

Print on Demand
Localised Supply Chains

Reduced Downtime

Cost Reduction

Reduced Material Usage
Increased Automation - Reduced Labour
Reduced Shipping Costs

Reduced Inventories

Product Lifetime Value

Mass Customization
Flexible Manufacturing

Increased Performance

HOW DOES THIS

IMPACT
YOUR

BUSINESS
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Key Challenges / Barriers to Adoption

KNOWING THE REQUIREMENTS

What software, hardware, materials, skills and training will | need to get

started?

UNDERSTANDING APPLICATIONAL SCOPE

Prove ROI to justify initial investment

UNDERSTANDING RESOURCE ALLOCATION
What resources will need to be allocated to address the skills gap in

additive manufacturing?

UNDERSTANDING FEASIBILITY

How do | design for the process? What manufacturing constraints do | need
to work to? What best practice can we follow to ensure we maximize on

investments?
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Additive Manufacturing Workflows




Knowing The Requirements % POST PROCESSING
Q

1]
E |
HARDWARE & POST PRINTING
= MATE RlALS Typical post processing operations
— (Manual or Automated):
* Excess Material Removal
3D PRINTER & MATERIALS
PRINT PREPARATION « Smoothing, Sealing, Applying
Typical 3D Printing Technologies: Coatings
Material Extrusion * Assembly / Hardware Addition
SLICING CAPABILITIES * VAT Photopolymerization * Finishing — Hybrid Manufacturing
3D DATA Computer Aided Design / Slicing * Material Jetting
I — software * Binder letting
A DIGITAL MODEL * Part setup within machine « Powder Bed Fusion
footprint * Direct Energy Deposition
Computer Aided Design Software
* Process g-code to send to 3D . Sheet Lamination

* Design from scratch printer

Polymers, Metals, Composites
* Using reference data (2D drawing /
among others
physical model measurements)

e Use 3D reference data (imported

models / 3D scan data)
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Applications / Feasibility / Resource

* Leverage the Benefits of
Connected Digital
Workflows

* Consider Process
Constraints & Apply
DfAM Principles to
Maximise Efficiencies




DfAM - Starting State




Additive Manufacturing Workflow

PRINT PREPARATION

SLICING CAPABILITIES

3D DATA Computer Aided Design / Slicing

Software

A DIGITAL MODEL Part setup within machine

footprint

Computer Aided Design Software
Process g-code to send to 3D

Design from scratch printer

Using reference data (2D drawing /

physical model measurements)

Use 3D reference data (imported

models / 3D scan data)



2D Reference Data (Drawings) Reference Data (Physical Model)

Replicating a component when supplied with a 2D Engineering drawing Reverse engineering from a physical model, taking measurements of physical dimensions
* Paper Copy - Printed * Building a 3D model via Computer Aided Design (CAD)
* Digital (PDF, DWG...) * Parametric sketching and modelling

* Converting 2D to 3D data via Computer Aided Design (CAD)
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3D Reference Data (Imported) 3D Reference Data (Scan Data)

Working with 3D model data created by someone else Working with Mesh Data in Typical Reverse Engineering Workflows
+ Downloaded / imported « Using Mesh Data AS IS

= Mesh Repair, Manipulation & Conversion to Manifold Geometry
= Pulling Sketch Cross Sections

= T-Splines

* Supply chain / customer generated

* Part catalogues
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2D Reference Data (Drawings)

Replicating a component when supplied with a 2D Engineering drawing
* Paper Copy - Printed
* Digital (PDF, DWG...)

* Converting 2D to 3D data via Computer Aided Design (CAD)




Reference Data (Physical Model)

Reverse engineering from a physical model, taking measurements of physical dimensions
* Building a 3D model via Computer Aided Design (CAD)

* Parametric sketching and modelling
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3D Reference Data (Imported)

Working with 3D model data created by someone else
 Downloaded / imported
* Supply chain / customer generated

* Part catalogues
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3D Reference Data (Scan Data)

Working with Mesh Data in Typical Reverse Engineering Workflows
 Using Mesh Data AS IS

 Mesh Repair, Manipulation & Conversion to Manifold Geometry
* Pulling Sketch Cross Sections

 T-Splines
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Design Inspiration

Scenario — function and constraints are known but form doesn’t yet have definition
 Concept modelling

* Generative Design



Computer Aided Design &
Manufacture with Fusion 360






Fusion 360 moves your business & Catalyze innovation Realize previously
industry forward

across disciplines impossible outcomes
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Any Device, Anywhere, Anytime
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Benefits Capabilities

* Flexible to changes * Integrated Printing Workflow

* Easily create controlled surfaces and models * Automatic Part Orientation

* Fast learning curve * Printing Simulation

* Adaptable to most designs * Support for plastic and

metal printing machines
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Optimize for Manufacturing (Material Extrusion)

DfAM
* Building a 3D model via Computer Aided Design (CAD)

* Parametric sketching and modelling



F Autodesk Fusion 360

Upload New Folder

#®  AU2020
[r— Crutch Reverse Engineering

@ Generic 3 Jaw Chuck Mesh

. 10/13/20
@ Simple Bracket
‘ 10:19:51 AM

See Design Guides

l« BROWSER

|

PBARd @ Simple Bracketv2 O
D % Document Settings

D # Named Views

D M Origin

D © M Bodies

D © @ Sketches

[

COMMENTS o

$EOCQ B @ B

“erod DEDECECECE0




SOLID SURFACE SHEET METAL TOOLS

wor @D ® FOTPES L EH H = B

CREATE * MODIFY ASSEMBLE - CONSTRUCT + INSPECT * INSERT SELECT »

1 BROWSER @ |
[ Iﬁ fs Simple Bracketv2 v3 [O,

COMMENTS P G-y @ B B




® Simple Bracket v2 v1*

W =

CONSTRUCT ¥  INSPECT ~

SOLID SURFACE SHEET METAL

L ® ﬂﬁ'l%%fx & #

~ ASSEMBLE ~

INSERT

SELECT

See Design Guides
. COMMENTS o drEOQCQr T E B

—

MeP»r D% &




¥ Autodesk Fusion 360

= E VY PAY W Simple Bracket v2 v1*
SOLID SURFACE SHEET METAL TOOLS
- B . o ® BFOOFPE P 2B (L = B =LE
DESIGN 17 | @ ©F ) (] _— x B e — \
CREAIE ¥ MODIFY ~ ASSEMBLE ~ CONSTRUCT ~ INSPEﬁ' INSERT * SELECT » POSITION v
« BROWSER e/

PHE:Jd fs  Simple Bracket vz vi [O)

D ¥ Document Settings
D ™ Named Views
D # Origin
4 © M Bodies
@ () Body1
D@ (O 905924016_NO THREADS

See Design Guides
COMMENTS Tl &VQ@QQV v @v e~

MeP»pH O% "@@7
-




‘E Autodesk Fusion 360

@ Simple Bracket v2 v2*
SHEET METAL TOOLS
e P Edr R @ = BN
| MODIFY ¥ ~ ASSEMBLE~  CONSTRUCT~  INSPECT v

INSERT v

« BROWSER
PIRY 7. simoic Bracker 272 [
D #* Document Settings
D ® Named Views
D @ Ongin
4 © M Bodies
@© (J Body1
D © M, Sketches
D] (O 905924016 NO THREADS .

See Design Guides

COMMENTS

P BT E~ T - B 1 Profile | Area : 87.399 mm*2

4 <« p » &




F Autodesk Fusion 360

@ Simple Bracket v2 v2*
SURFACE SHEET METAL

TOOLS
e OO PE S LB W =
| MODIFY~

 ASSEMBLE¥  CONSTRUCT¥  INSPECT¥  INSERTY

DESIGN ~

« BROWSER

PRE-Y fs  Simple Bracketv2v2 [O
D ¥ Document Settings
D #@ Named Views
D @ Orngin
4 © M Bodies
@ (J Bodyl
4 © @ Sketches
© I d Sketchi
D (O 905924016 NO THREADS .

See Design Guides
- COMMENTS ol PrEOQCQ T G B

MerP > Do TS %

e




Adaptive Modelling for
Extrusion Printing




F Autc

= B> 8 «v A~ W Ball Bearing - Adaptive Modelling v43* ~ 4+ B N © 0 @
SOLID SURFACE SHEET METAL TOOLS
v izl & [ T r'» T j ' f * e i i —
wo- RIS FOIPELL BN H = EB T
CREATE v MODIFY ~ ASSEMBLE~  CONSTRUCT v INSERTv  SELECT~¥
« BROWSER CHl = Measure I

/R Curvature Comb Analysis
D ¥ Document Settings

Y |
PRE:Y fs  Ball Bearing - Adaptiv... O =1 Sheierencs \

Zebra Analysis
Draft Analysis
Curvature MtgAnalys:s

D B Named Views
il Contact: all

D B Origin Accessibility Analysis

Minimum Radius Analysis

D B Motion Studies
Section Analysis

<

M Joints

D | © (5 BallBearing 1
(J 91223A415:1

D 8 Ongin

D © M Bodies

Center of Mass

Shift+N

Component Color Cycling Toggle

R

COMMENTS o Q- T v B

CEEEETTEEY 0 L0 S W

Hep»y OUDNO@ 0@t ruO@mm@ =@ DR R Q0200 [ o oe & 0] s
+




¥ Autodesk Fusion 360 == 0 X

= N GV Ay @ Ball Bearing - Adaptive Modelling v43* ~ + 83N © 0 ¢

SHEET METAL TOOLS

L® FOPE D fr B W =

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

DESIGN ~

D ¥+ Document Settings

D @ Named Views
il Contact: all
D B Origin
D B Motion Studies
Dle [__[b Ball Bearing: 1

COMMENTS o PrEOQC Q- @ B B

Mep»py DO :;:T



¥ Autodesk Fusion 360 == m X

= B> 8 «v A~ W Ball Bearing - Adaptive Modelling v43* “ 4 B N © 0 @
SOLID SURFACE SHEET METAL TOOLS
- GBI S FPOT PSS A BN W = E O
CREATE ¥ MODIFY v ASSEMBLE ~ CONSTRUCT ~ INSPECT ~ INSERT v SELECT ~
« BROWSER el

2B s _Ball Bearing - Adaptiv... £C

D ¥ Document Settings
D ™ Named Views
il Contact: all
D B Origin
D B Motion Studies
D ® (5 BallBearing 1

COMMENTS L

Mep»ry OUDLDO@=O®+ + o) 2 &




¥ Autodesk Fusion 360
i B B &« v 2~

SOLID SURFACE
DESIGN izl N
I~ B W ©

CREATE v

« BROWSER e
4@ ®
D ¥ Document Settings
D ™ Named Views
il Contact: all
D B Origin
D B Motion Studies
D! ® (5 BallBearing 1

COMMENTS o

SHEET METAL
0—n -
1 - @

W Ball Bearing - Adaptive Modelling v43*

TOOLS

BOSL=S e B

MODIFY ~ ASSEMBLE ¥ CONSTRUCT ~

< « p » p DJ?LT"-LT"-D;.’H::DC.,'%’%fi:DL’t‘#DG&E:;ef:’a,e::Ef 2,

=N
gereraryy

INSPECT ~

a

INSERT ~

SELECT ~



¥ Autodesk Fusion 360
i B B &« v 2~

SOLID SURFACE SHEET METAL
DESIGN ~ e o &
l—/"' 7 ‘f] @ l_. [!/'

CREATE v

« BROWSER e
YBE.d fo_Ball Bearing - Adaptiv... fO
D ¥ Document Settings
D ™ Named Views
il Contact: all
D B Origin
D B Motion Studies
D! ® (5 BallBearing 1

COMMENTS o

Mebo M OLULO@ D@ 4 0@

TOOLS

B O PESL e B

e

S B 9
) SN Ny .

MODIFY v

L T
s =
o

20 R

W Ball Bearing - Adaptive Modelling v43*

ASSEMBLE v CONSTRUCT ~

R * QL0 ® [ O e & [ 0

je—>|
,'""l"s

INSPECT ~

a

INSERT ¥

et w2 |

]
! 1
s--.%

SELECT ~



F Autc

# K 8 «v o~ @ Ball Bearing - Adaptive Modelling v44* ~ 4+ B D © 0 @
SOLID SURFACE SHEET METAL TOOLS
- Heedre® sO0IPSs e ® = B .
esen- D M @ © . @ D - r B (I = \
CREATE v MODIFY v ASSEMBLE~*  CONSTRUCTY INSPECT¥ INSERTY  SELECTY  POSITION¥
« BROWSER |

2B o _Ball Bearing - Adaptiv... £C

D £# Document Settings
D M Named Views
il Contact: all
# Origin
# Motion Studies
M Joints
@ (5 Ball Bearing 1

v v v v ¢

() 91223A415:1

COMMENTS o PrEOMQC Q- @ B B

oEmmTET 0. DEEEmmn o om [l
o'« O

Mebp» M OLLLO@wO@msr om0 aed @ DRARARAE20 @[ haei%n-mT B



F Autc

# B> 8 «v o~ W Ball Bearing - Adaptive Modelling v44* ~ 4+ B N © 0 @
SOLID SURFACE SHEET METAL TOOLS
wor RO S FOIPESL LB H o= B
CREATE v MODIFY v ASSEMBLE¥  CONSTRUCT™ INSPECT¥ INSERT¥  SELECT~
« BROWSER ®|
SR fo _Ball Bearing _Aaptiv.._fC
D £+ Document Settings FRONT

D M Named Views
il Contact: all

& Origin
M Motion Studies
Joints
Ball Beanng 1
91223A415:1 ¥ Save

91223A415:2

Version Description |User Savedl

91223A4153

Milestone [:I

91223A4154

91223A415:5

91223A415:6
91223A4157
91223A4158
91223A415:9
91223A415:10
91223A415:11

VOV VOV IVVY P YV
® 0 0 00 0000 00 0 ¢

afaagafafafafafiafafafiaf R

91223A415:12

COMMENTS o @ v M~ B - B~

7 I W

MebPo» M OLLULD@O@mrr c0@m@d@@d @00 Q 2 l?JU'“Om[FU'-uam%U'WJU'iﬁT T



¥ Autodesk Fusion 360
B R @8 «vov

MILLING

MANUFACTURE ~ [E7 4-}» =

SETUP ¥
« BROWSER

TURNING

POSITION
el

4 © (b Ball Bearing - Adaptive Modellir.. |

D Units: mm
D ™ Named Views
4 © (b5 Models

4 © (5 Ball Bearing - Adaptive IV...

D M Named Views

D @ Origin

D # Joints

D ® Motion Studies
D @ (5 BallBearing'1
D (U 912234151

A A R R

4 & Setups
D ®

COMMENTS

ADDITIVE

O
L

INSPECTION
9 9 -
et
& S o%s
PRINT SETTINGS ¥ INFILL

FABRICATION

SUPPORTS ¥

W Ball Bearing - Adaptive Modelling v45*

UTILITIES

2 TS abknmE =

ACTIONS ¥ MANAGE v INSPECT ~

-89 Q- B @

v Bv ‘v &~
g-&8-C- @

SELECT v

Z. TOP

FRONT }

Setup3



¥ Autodesk Fusion 360

&g R 8 «voAv @ Ball Bearing - Adaptive Modelling v45*
MILLING TURNING ADDITIVE INSPECTION FABRICATION UTILITIES

MANUFACTURE v |7 4‘[}@1 ‘2 i i r a@@ I@ b

SETUP ¥ POSITION ¥ PRINT SETTINGSY  INFILLY  SUPPORTS ¥ ACTIONS ¥ MANAGE v INSPECTY  SELECT~
« BROWSER .
4 © (5 Ball Bearing - Adaptive Modellir..
D Units: mm
D @ Named Views
4 © (5 Models
4 © (5 Ball Bearing - Adaptive IV...
D B Named Views
D # Origin
D @ Joints
D @ Motion Studies
D @ (5 BallBearing'1
D () 91223A415:1

AR R R

4 & Setups
A ®

@ Ultimaker S5
Y, PLA285mm, 0.4mm No:..
= Additive Toolpath

COMMENTS




= O X

Marketplace

G UMS5_Bearing Print Test - Ultimaker Cura
Fie Edt View Settings Extensions Preferences Help
PREPARE PREVIEW MONITOR
A 20% B\ Off + On s

Ultimaker Cura
< = Fine-0.1mm

Generic PLA
AA 0.4

~

Generic PLA

‘i Ultimaker S5 < ‘
AA 0.4

Ultimaker

X

G-code Details
Make sure the g-code is suitable for your printer and printer
configuration before sending the file to it. The g-code representation

may not be accurate.



¥ Autodesk Fusion 360 — O ¥

# EY 8 «v 2~ @ Ball Bearing - Adaptive Modelling v45* 4+ B O © 0 ﬁ‘
SOLID SURFACE SHEET METAL TOOLS
- RIS FPODPE B W = 3
CREATE ¥ MODIFY ~ ASSEMBLE ~ CONSTRUCT ~ INSPECT ~ INSERT ~ SELECT ~
« BROWSER el
V'RRE M fs Ball Bearing - Adaptiv... KO 2 Tor
D %£# Document Settings om—— |

D ™ Named Views
[l Contact: all
D # Origin
D ® Motion Studies
D ® Joints
D | © (5 BallBearing 1
DIl O 91223151

COMMENTS o v Qt Q- @ @ B

Mebpo M OLLLOB 0@ P P rO@mmmem-: @ DQQ*@U"OOm[FD'--;.-u-mD'G'ﬂD'T &



Fresh off the printer...

)
d
4
) ¥
; 5

i

f' /
- y

d

Printable on extrusion printers as with the likes of Markforged & Ultimaker for example.



DfAM Principles for VAT
Photopolymerization



yripper mount

3 h37min

@ 803 layers/ 01mm
§ White V4/ 4 mL

s e
B

Optimize for Manufacturing (VAT Photopolymerization)

DfAM
* Building a 3D model via Computer Aided Design (CAD)

* Parametric sketching and modelling
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DfAM — Horizontal Support Span
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DfAM — Embossed/Engraved Detall

¥ Autodesk Fusion 360 — O p 4
@ EY 8 «v o W Untitied® “+ 000 §
SOLID SURFACE SHEET METAL TOOLS SKETCH
5 b o — T = /o = [
DESIGN ._.DLQQD_/\-’AB Y CE L O =7 X @ A0 Y I N 0
CREATE v MODIFY ¥ CONSTRAINTS ¥ INSPECT INSERT ¥ SELECT v FINISH SKETCH v
<« BROWSER el é
VAR @ (Unsaved) [O)
TOP
D 4 Document Settings
g bX
D # Named Views
3 # Origin ol | ® SKETCH PALETTE »
D © @@ Sketches ¥ Options
Construction <t
@ Look At
Sketch Grid (%]
Snap
1 Slice (]
Show Profile @
Show Points
] Show Dimensions @
;‘5 .8 o 3 b | Show Constraints
a1 a
Show Projected Geometries @
3D Sketch o
| Finish Sketch |
COMMENTS o e W Q- @ EHY B
4 €« p > p I:i| L

See Design Guides in Resources



Working with Scan Data




Workflow

- ]
CONVERSION TO SLICE AND EXPORT GCODE
MANIFOLD GEOMETRY - within Computer Aided Design
OO Software (Fusion 360 / Netfabb)
FOR ADDITIONAL MODIEICATION * Or Push to Printer Slicing Software
MESH REPAIR &
MANIPULATION * Mesh to BRep
- ] * Tri Mesh — Quad Mesh —
WORKING WITH MESH DATA T-Spline - BRep
3D SCAN NI NG * Withing Computer Aided
T Design Software (Fusion 360)
DATA COLLECTION * Netfabb / Recap Pro

e Within Scanning Software
Point Cloud Data

e Laser Scanning (hardware)

 Photogrammetry (image based)
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| Colorize quad mesh after Mesh manipulation

Calculate

Conversion (Tri-Mesh to Quad Mesh)

Image shows workflow within Autodesk Netfabb

Mesh manipulation in Netfabb also enables allows for re-meshing, including conversion

Increase or decrease triangle count and quality of Mesh, and convert to Quad-Mesh if T-Spline modification is desired
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10m

3D Scanning

Minimal labour intensity, semi
automated data collection, minimal

skill level

Results

10m 10h £4.92

Mesh Repair/Manipulation Additive Manufacturing Material Cost

Medium skill level, semi-automated Low skill level, automated Per part material cost /

data processing production on an Ultimaker 3D comparatively low against existing

printer with Varioshore material. standardized products

Some manual post processing

Data, including models & images, courtesy of PrintCity.
Credit to Elen Parry, Craig Banks, Joshua Best
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Resource lInks

Consult your class hand out for additional links and possible next steps in getting started
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