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Learning Objectives

e Learn about creating a robotic arm gripper using different materials and
manufacturing technigues at the same time

e Learn about a Generative Design workflow, starting without a shape

e Learn tips and tricks about the algorithm of Generative Design in Fusion 360 to
create many durable shapes
Learn about selecting an optimum and desirable ten of shape

Description

How important it is to adapt your workflow to robotic arms! Well, there is no doubt you can
extremely immerse your capabilities of manufacturing using robotic arms which is proper for your
projects. You'll be able to create a unique gripper design after attending this session! Fusion 360
software is an amazing product, with lots of environments to master. Generative Design in Fusion
360 is also available. Using the power of Generative Design, you can discover how it changes
the future vision of CAD and hybrid manufacturing capabilities. No matter if you're a beginner or
a seasoned veteran, this will be a detailed course that everyone can understand. Come along for
an action-packed 90 minutes of learning, and find out how to create a Robotic Arm Gripper using
Generative Design!

Speaker(s)

Cengiz provides lectures and workshops to university students and
academic staff in 3D designing as an Autodesk Registered Instructor
for 6 years. He is a Mechanical Design Engineer in France. He has
4 years of experience supporting Start-Ups to develop new smart
products in the field of medical technologies. He’s currently working
on a research project in the Soft Robotics field. Also he’s the founder
of Designwagoon.com
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INTRODUCTION

MODELING and PREPARATION for GENERATIVE DESIGN

Designing a Starting Shape for Generative Design Module

To create the necessary parts for Generative Design module, we can use CREATE FORM
workspace.

F Autodesk Fusion 360 (Education License) = a X
B & «- - @ GD_Drone_Chassis_AL2020 v1* <+ DO e

SHEE s

war D@L ® FOUSPFELFreEn W = B N
CREATE v ASSEMBLE ¥ CONSTRUCT * INSERT ¥ SELECT~

° -8 Q- @@\
Meror] o

In the SOLID tab, there are 3 possibilities to design a part like CAD(Computer Aided Design)
Modeling, Surface and Form Modeling(T-Splines).

In this session, robotic arm gripper needs to Preserve Bodies in Generative Design Study. Well,
you can easily create using the next steps to obtain approximate parts for your study.

Follow the next steps;
1. After you open the Fusion 360

2. Use the CAD-Modeling Tool
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If you'd like to use your own servo motor model, you can easily download on 3D model websites
in free. After you UPLOAD your 3D Model, you can use the Project tool to draw the necessary
lines.

F Autodesk Fusion 360 = a X
B E 8 o “P Gripper_Componentv2* x W Gripper va* <4+ OO 40 O
soLo SURFACE MESH SHEET METAL TOOLS SKETCH
= -~ I =1 | N, — [ S — £
o R C T o=/ @r0yns = gH WIS
CREATE » MODFY ¥ CONSTRANTS » NSPECT ¥ WSERT* SELECT®  FINISH SKETCH~
“ °
°
3.00
o
8 P ”»
150
fot—— v Options
1
5 metyp
h &
- o
@
Q
@2
@ 2
2
i %}
o]
Q @2
2
30 Sketch (W]
[ <

You can follow the next steps to create your own design;
3. Draw rectangles and cirlcles like in sketch below
4. Use the Smart Dimension Tool to define the dimensions of geometries, Shortcut is “D”

F Autodesk Fusion 360 - a8 x
HE 8« 7P Gripper_Componentyd X P Grippervs* x Untitied® x Untitied™(1) x W untitiea 4+ OO 40 O
SOLD SURFACE MESH SHEET METAL s
—  { \ - 17 1
DESIGN » i \ | W fo—sl |
Y€ [ o= @r0oyiy = JE N ©
CRE MODFY * CONSTRANTS ¥ INSPECT INSERT * SELECT > FINISH SKETCH *
“ °
0
R110 ,
P ° ™ »
= 0 &
2 Q
5 = PX (=)
; ~ Cd o
P4 0450 |5
g o 2
e §/ @
=& @2
- L 2
-7 - o
a 2 - @
(@]
4070 780
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After you finish the sketch, use the Exturde Tool, Shortcut is “E”
Direction as One side,

Distance as 4 mm

Click the OK to confirm

© NGO

#EE 6o “P Gripper_Component v2* x = P— 4004080
SURFACE uEsH A 0oL
wa- @O ® BFOPES B 0 = B &
CREAE MODFY ASSEMBLE®  CONSTRUCT®  INSPECT~ MSERT » SeLECT~
S °
°

: gnr
[ » 1 seeces JR8
start |+ Profie Pane
Drecton [y One Side
pe || Distance

o
9. Use the Fillet tool, shortcut is “F”
10. Select two edges, shown below
11. Enter the 10 mm
12. Click the OK to confirm the Feauture

rlﬂ K- @ &~ “P Gripper_Componentv2* x @ Gripper va* « 4+ O 8 A0 @
w RIS FOUSLSLEH # = JE 3
2Edges 7@, 10 me B Tangent (G1)
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13. Use the Fillet tool again, shortcut is “F”,
14. Select two edges, shown below,

15. Enter the 13 mm,

16. Click the OK to confirm the Feauture

F X
F O R - I P Grppe x W Gripper va*
oemcn FRul® FO0uPEdLwnn W = O 4
2Edges
+ x
Tangency Weight
Corner Type
o
17. Create a sketch below side of the part
18. Draw a line
19. Use the Extrude Tool
20. Distance 35 mm
F
w8 e W Gripper_Componentv2* x P Grippecwd®
> PFRul® FO0PEdLrwn W = O S

Type
Profies
Stant
Orecton
Extent Type
Dstance

Taper Angle

4 (Y-S EE

4+ 0@ 40 0Q

[ Fitet

(Y 13mm B Tangent G1)

[ constant

EdgesFacesFestures

(%]

1

£ Rotng 828

oK

Cancel

*x+0O© 4200

@ EDIT FEATURE

@~
o= -

I+ Protie Pane
IRy One side
|+ Osstance

35 mm

0.0 deg

OK

Cancel

Multiple selections
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21. Use the Rib tool after you create a line
22. Enter a Thickness as 5 mm
23. Select Flip Direction if necessary

B Autodesk Fusion 360 o X
HE- 8 a0 ® Goppe Componentz < e I 00000
Souo SURFACE MESH SHEET METAL WS
- GRRIL® FOUPSEBH ¢ = OF O
CREATE v MODFY ~ ASSEMBLE v CONSTRUCT ¥ INSPECT ~ INSERT SELECT ™
« BROWSER L
COMMENTS ol rEEE
g 1 91
R

® EDITFEATURE
e N
Thickness Options  JRy One Drrection

Depth Options. off To Next

Thickness -5 mm
Fip Drection .
L] oK Cancel

24. Use Mirror tool

25. Select Feature as Type
26. Choose Mirror Plane

27. Then hit the OK to confirm

F Autodesk Fusion 360

- [= ] X
EE RS r— I e A0 e 40 @
SOuD SURFACE MESH SHEET METAL e e ey e
w RO ® FOUPESLEBHN # = JF
CREATE * MODFY * ASSEMBLE ¥ CONSTRUCT * INSPECT * INSERT * SELECT*
e BROWSER L

COMMENTS o

F}A

@ EDIT FEATURE

Type &3 Features
e [REEEE
Mirror Plane I 1 seiected X

Compute Option ~ Adpst
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28. Create a sketch to backside of the part
29. Draw a Slot, and enter the dimensions below
30. Use the Sketch Mirror tool to create another

00'8C

Before the enter Generative Design Module, the concept robotic arm gripper part;

F Autodesk Fusion 360

W AU_2021_Gripper_Componentvs*

~ L#mgre #OUssrmn 0 = 98

comerrs o + 6O QB8

Mer o DEODOLMTH AT ST o
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GENERATIVE DESIGN

New Generative Design Study

When you enter the Generative Design Workspace in Fusion 360, it will automatically open a hew
generative design study named as Study 1. You can get information from GUIDE, there are

detailed definitions of all steps for Generative Design. When you complete the assignation of all
necessities of Generative Design, you can see the green check icon in every title.

F Autodesk Fusion 360

e a X
#E 8« P AU_2021_ENG_Gripper_Componenty1* x W AU_2021_Gripper_Component v5* x o B e 20 0
‘e B B e I8 = O8 & QSE B o=
GUIDE * STUDY * EDIT MODEL * DESIGN SPACE ¥ DESIGN CONDITIONS ~ DESIGN CRITERIA * MATERIALS ¥ GENERATE * EXPLORE * INSPECT ¥ SELECT~
« BROWSER L
4 B Generatve Sudes
@ unes: custom
PR Fs _ Generative Model 1_[O]
D B temesViews
D @ Orgn \

D i@ Model Components

D @B Stuctuaisay 1

D @B sucunisuywnss O
Dl structurai study 3|

o} d-E5HQT Q- @

Preparation of the model for Generative Design

Normally, you can create the necessary part in Design Module for Generative Design, but EDIT
MODEL tool is very hand to create necessary geometries(Like preserve, obstacle, starting

shape). The changes will only appear in Generative Design module, you cannot see any change
in DESIGN module.

1. Create a sketch in EDIT MODEL workspace
2. Use offset tool to create new lines, shortcut is “O”
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F Autodesk Fusion 360

o OE 8 e e X @ AU_2021_Gnpper_Component v&* x
= OSO0QNAH (T YE L AN L =08 | )
“ Q: Generatie Modess -~
PR fa_ Gonerative Modei 1[0} Lid
0 unsom z
D L E —
D - i ongn _.\ 1 @ SKETCH PALETTE »
D M Modei Components / v Options
2 Lietype <
v LookAt =
Setch Gnd [w]
Snap aQ
Sice Q
{\ Show Profie 2
Show Ponts
Snow Dimensens @2
Show Constraints 2
Show Projected Geometnes @
30 Sketch =]
COMMENTS o - EIQCQ-T-E-
R . T &
3. After you finish drawing lines using offset tool
4. Select the Body Split Tool
5. Select the Body as Body to Split
6. Select the Line as Splitting Tool
© EDIT FEATURE
Spitting Tool(s) [} 1selected X
Extend Spitting Tool(s) (@
[ ] oK Cancel
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7. Create a new skectch in the backside of the part
8. Use the Offset Tool for Slots

200

9. Use the Split Body tool again

© EDIT FEATURE

S .

Splitting Tool(s) [} 1selected X
Extend Spitting Tool(s) (@

[i] OK Cancel
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10. Draw a Box to create a Obstacle Main Body

© EDIT FEATURE
Placement
Length 78.7438254842 mm
Width 46.8357824563 mm
Height -44 mm

Operation Cj New Body

(i} OK | Cancel
11. Use the COMBINE tool
12. Select CUT as operation
13. Checkmark on Keep Tools
@ EDIT FEATURE
iy x
Tool Bodies '}Bselecied x
Operation & cut
Keep Tools
(i) OK Cancel |
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Assignation of Preserve Geometries
In Generative Design Study, it should be assigned Preserve Geometry that it allows adding
Loads and Constraints. Preserve Geometries also will appear in the final shape of the design.

Follow the next steps to assign Preserve Geometry;
1. Select the 7 Bodies shown in the screenshot

2. Click the OK to assign Preserve Bodies

After you correctly assign the preserve geometries, the bodies will appear in the Preserve
Geometry Group.

To show only Preserve Geometries; Right-Click to 6 bodies and click the Isolate
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Assignation of Obstacles Geometries

I's not obligatory to add Obstacle Geometry in Generative Design Study. But in many cases, it
will help you when you need to assign empty spaces where material placed during the generation
of outcomes.

Follow the next steps to assign Obstacle Geometry;
1. Select the Obstacle Body

2. Click the OK to assign Obstacle Bodies

EFINE
. @ B 0 O == &8 & Fo2E B = R

K
STUDY®  EDTMODEL™  DESIGNSPACE™  DESGNCONDMONS™  DESGNCRTERIAY  MATI GENERATE * EXPLORE®  INSPECT®  SELECT™

D @ Model Components
A

A © @ Preserve Guomary

o 68 Q-GE
After you correctly assign the obstacle geometries, the bodies will appear in the Obstacle
Geometry Group.

To show only Obstacle Geometries; Right-Click to the body and click the Isolate

Starting Shape

In Generative Design Study, Starting Shape is an optional tool. You can assign it as initial shape.
In this Session, you will explore two different Generative Design Studies, one of which contains
Starting Shape and the other one without Starting Shape.

Follow the next steps to assign Starting Shape;
1. Select the Main Body as Starting Shape Body

2. Click the OK to assign Starting Shape
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o + 9§

After you correctly assign the Starting Shape, the body will appear in the Starting Shape Group.
The Main Body will display in yellow on canvas.

Structral Constraints

In the Generative Design Study, Structural Constraints restrict or limit the displacement of the
model. In this session, you can consider that Generative Design Study should create a Concept
robotic arm gripper in estimated conditions.

Follow the next steps to assign Structural Constraints;
1. Select the 8 faces shown in the screenshot

2. Click the OK to assign Structural Constraints

s
oD

|
A =
I,-Afi‘

A AO@
b
EY

=
Ex:
i

veY 9 99
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Structural Loads

In this Session, it will be used type of Force from Structural Loads but there are 4 different Load
types available as Force, Pressure, Moment and Bearing Load in Generative Design Workspace.
Depending on your load type, you can select faces, edges or vertices from multiple objects.

In below, there are several forces given as Newton(Unit of Force), they are just averaged values
to create the concept robotic gripper arm, you can make changes as you wish according to your
scenario(For different materials, manufacturing methods, scale etc.).

Follow the next steps to assign Structural Loads;
1. Select the Structural Loads from Design Conditions (L key is the shortcut)

2. Select 4 faces shown in screenshot,
3. Enter 40 newton, if necessary you can use -40 Newton

ml

BE =
i) 3
omone~ | weects | seecre

wwv. BB 0 I8 =M 8 & IO

5 59
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F
Bl B a0

DEFINE

GENERATIVE B e 1 A = 4 ¢ .Yy ‘J e
3 . . it x Q L
DESIGN ’7% ’ 4 ‘.,_ kJ &9 = wr = p=2
GUDE®  STUDY®  EDTMODEL™ = DESIGNSPACE™ ~ DESGNCONDTONS®  DESGNCRTERA™  MATERIALS ¥
« BROWSER o)

A BB Generate Studes
3 unes: custom

IR g fa  Generative Mode
D il NemedViews

D i Orgn

A ., oss\Somporents,
D @ . 59955,

4

° + B9 Q@

@ AU_2021_Gripper_Component3*

GENERAT! EXPLO

ASE B = §
RS

NSPECT™  SELECT™

1Face | Area: 342.34 mm*2

4. Select the top face shown in screenshot
5. Enter -40 newton to Fy

Objective Limits

In this session, we would like to reach the
lightest solution for Concept Drone Chassis. For
this aim, you can easily choose the Minimize
Mass as Objectives. In general, it's proper to
enter a value of 2 for Safety Factor on Limits.

If you'd like to reach more detailed design
outcome, you can enter a Mass Target after you
determine from Right Click to Body in
Browser > Properties.

For the Generative Design Study with Material
of Titanium 6AI-4V;
1- Enter the Safety Factor Value as 1.00

2- Enter the 0.015 kg as Mass Target

@ OBJECTIVES AND LIMITS
¥ Objectives
Minimize Mass O

Maximize Stiffness @

¥ Limits
Safety Factor 1.00
Mass Target 0.015kg
Li ] OK

Cancel
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Manufacturing

You can Select the Manufacturing Tool from Design Criteria. It specifies the manufacturing
constraints for the design process. There are 5 different options available as Additive, Milling, 2-
Axis Cutting, Die Casting and Unrestricted. In this session, it will be chosen Additive
manufacturing and unrestricted method, but, of course, you can try other methods for concept
drone chassis.

e B B O I =2 SHE © ApLE B = O

GUDE™  STUDY™ EDTMODEL®  DESIGNSPACE™  DESIGNCONDMONS®  DESIGNCRTERAY  MATERALS ¥ GENERATE » EXPLORE™  WNSPECT™  SELECT~

» @ Mitling
» ([ 2-axis Cutting

» ([ Die Casting

° e QABE

Follow the next steps to assign Manufacturing Method;
1. Putacheckmark on Unrestricted

Put a checkmark on Additive
Select X+, Y+, Z+ for Orientation

2

3

4. Enter the 35 Degree to Overhang Angle

5. Enter the value of 1.00 mm to Minimum Thickness
6

You can also add different manufacturing methods, for example Milling;
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F m
# 8 a0 W AU_2021_Gripper_Componentva* X P Motot_Tutucy_Component v13* x + O

GENERATIVE o m 1 i s % g -~ o _...| @@ [o—
v 5 - a8 = o [ ] i LA = | {
DESIGN wﬁﬂ\r 0 2y CX kJ w = L4 W i i = 2SS @@ . &
GUDE * STUDY * EDIT MODEL * DESIGN SPACE ¥ DESIGN CONDITIONS * DESIGN CRITERIA * MATERIALS ¥ GENERATE * EXPLORE * NS @ MANUFACTURNG

sollsriatiin o) @ cost Estimation
4 B Generatve Studes =
= O unrestricted
3 unes: custom

PR s Genecative Modet t_[O] » @ Additve

D il NemesViews

D @ @ Orgn i85 o

A @ Model Components Configuration 1 7 daxis
D © M Bodes

Py - suuctural sty 1 |
D © ([ Preserve Geometry
D © (3 Ovstack Geometry ez

© @ owaceotse e | | BN
— BEE
© () Unassigned Geometry
Inchude ol scx directions
D & Objecives = 2
D @ wManutacturng Minimum Tool Diameter 2
DR = Losd Caset [O] Tool Shoulder Length
] LoadCase2
> @ HesdDameter 2
» (O 2-axis Cutting
» (3 Die Casting
() K Cancel

: + B9 Q@

Choosing Materials
You should select at least one material for your Generative Design Study. Fusion 360 offers

Aluminum AISi10Mg as default but you can delete it from in this study section.

In this session, it will select two different materials as Plastic and Metal. But feel free to choose
different materials for your cases.

1- Select the ABS Plastic from Fusion 360 Material Library
2- Drag & Drop to in this Study Section
3- Select the Aluminum 6061 from Fusion 360 Additive Material Library
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F m
B A & a0 W AU_2021_Gripper_Componentv3* x 2 Notot Tistucs Component o . e

[ -
cn— — ¥ In This Study
: . - = .
e | @B m @h J@ =< 0 = ) G A=l
e R (14 L = A 4 =l by w0 =S @8 Methods Al methods
GUIDE * STUDY * EDIT MODEL * DESIGN SPACE ¥ DESIGN CONDITIONS * DESIGN CRITERIA * MATERIALS ¥ GENERATE * EXPLORE * n

4 BB Generstve Studes

Y- E"‘ .
P J fs  Generative Model 1[0}
D Ml NemesViews
¥ Library
D @ Orgn
4 W Vodel Components Library Fusion 360 Material Library
D © i Bodes e piony
& il Eectronics
L Preserve Geometry
D @ 8 Fobre
D © @ Obstack Geometry
il Fiooring
© @ Obstacke Offset -
Gas
D © () Startng Shape -
© () Unassigned Geometry il Guass
D & Objecives . Lgui
D @ wmanutacturng i vetal
[PIEN F5 Load Caset [O] Vs [N
D @ tosscase2 B Pastc

L/
0 ] e pac
. s

M-
i o

o) 693 QB @

Pre-Check and Generate

Pre-Check tool ensures to the setup meets requirements to generate outcome. When you see
the Green Check icon in the Pre-Check tool, it’s all good and you’re ready to GENERATE!

¥ Ready to Generate s

-
M The study setup has all the information required.

oK
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Exploring Generative Design Outcomes

Fusion 360 offers us a detailed Explore page which contains many outcomes. You can easily
change the objective ranges from Outcome Filters and you will see only outcome thumbnails that
you need for your necessary.

When you switch the Properties View from Display, you can quickly take a look detailed
properties for every outcomes.

F Autodesk Fusion 360
B & &0 @ AU_2021_Gripper_Componentvs x & O

B @

EXPORT~®  FMNISH EXPLORE *

EXPLORE

GENERATIVE |
DESIGN

me filter = 5 t by v

v Processing status
v () Recommended outcomes

e SR <N, SN

> Visual simitarity N

> Manufacturing method

> Materials Structural Study 1 - Outcome 17 Structural Study 1 - Outcome 18 Structural Study w... - Outcome 17 Structural Study w...- Outcome 19
erged nverged nverged nverged

v Objective ranges

5,570.14 26,053.05

0.015 0.028

Structural Study 1 - Outcome 1 Structural Study 1 - Outcome 2 Structural Study 1 - Outcome 3 Structural Study 1 - Outcome &

Outcome view offers 3 different Display view as Model view, Stress View and Design Preview.
Also, there is very useful tool to modify your outcome as CREATE tool. Design From Outcome
tool create a 3D Design which you can edit, from the current outcome’s iteration.

Details of the Scatter Plot View

If you want to take a look all outcomes in the same table, Scatter Plot View will be the best tool
for you. You can change the axis like Volume, Mass, Min Factor of Safety etc. And colors
represents materials which used by Generative Design Study.
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EXPLORE

GENERATIVE _
DESIGN

B @

EXPORT~  FIISH EXPLORE =
Outcome filters = O I . " =
> Processing status 1
> Study
> Outcome type 1 S oot
iR
> Visual similarity | |
- ||
> Design file 09 |
> Manufacturing method | |
> Materials 02 ‘ |
~ Objective ranges |
Volume (mm o7
5,598.48 619025 ‘
06
Mass (kg) I
0.015 0.017 5
0015 002
2399 240

lacement global (mm
126 151

Study 1 - Outcome 1
Converged

Comparasion View

0.025 003 0035 004 0045

Study 1 - Outcome 1
Iteration 25 (final)

Properties
Status Converged

Aluminum AISI1I0Mg

Unrestricted
Ungrouped
2500

e K1
& Ly

You can compare up to four outcomes. It will be useful for you to compare outcomes as visual
similarity, stress views, and other details at the same time.

F Autodesk Fusion 360

B Ok R
OUTCOME VIEW
G[IEMHV[

ﬂ-d o &

SHOW ™ COMPARE ¥

@ AU_2021_Gripper_Componentvs

©

FINISH OUTCOME VEW ¥

~
B

Structural Study 1 - Outcome 17

Properties
Converged

ter Aluminum 6061

nentation X4, ¥s, 20, X, ¥+, 2
rethod 3 axis milting
Stress reference Unique

Production volume (p 2500
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Design from Outcome
You can easily modify your selected outcome design from your Generative Design Study. At the

beginnin% of the hand-out, we started creating a sketch, and now, that’s the result of the Session.
= RS e “HO9 50 @

— HWe@0sr ¢ A % # = EWR O

WODFY®  SYMMETRY®  UTUTES®  CONSTRUCT®  WSPECT®  WSERT®  SELECT®  FNGHFORMY

« BROWSER e
ERAS ouvicome s i [O]

D £ Oocument Settngs.

D B Named Views

D @ M oo

D ® im vodes

f— ol t $@®0Q Q- W e
Merry DOO I @

I hope this hand-out and session will contribute your work. All the best!
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