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Ssummary

e Why are we here?

| am NOT going to:
* tell you which CAD software to use
e teach you how to use a CAD software

e Outline
* About CAD
* Ways to make things
* Project examples



Why CAD?

e Drawing things for design and
prototyping

e Can also use models as input to
numerical simulations
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CAD program types

Explicit: draw and edit surfaces Parametric: design tree, all design
and shapes parameters are retained
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CAD programs

e Solidworks https://www.solidworks.com/
* Autodesk Inventor, AutoCAD, Fusion 360 https://www.autodesk.com/

* PTC Creo https://www.ptc.com/en/products/cad

e SketchUp, IronCAD, Onshape, Many other programs...
e Professional-grade tools are free for FTC/FRC students and mentors

e Other useful design tools
 Inkscape https://inkscape.org/

e free, 2D vector drawing program
e Graphics, drawings for laser cutting, engraving, waterjet


https://www.solidworks.com/
https://www.autodesk.com/
https://www.ptc.com/en/products/cad
https://inkscape.org/

CAD Training Tools

e Lynda.com

* Free access through many public
libraries

* Training tools from software
vendors
e YouTube

* Not a total wasteland

* Books

* Not free, but you won’t constantly
have to pause and rewind the
video!
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1.

2.

What can your team do with CAD?

Learn to CAD. Document your learning process in your
notebook!

e CAD your robot (or components of your robot) as-built.
Download and 3D print other people’s designs
* GrabCAD, Thingiverse

* replacement parts from vendors

Make accessories and aesthetic elements for your
team/robot (numbers, markers, covers, jewelry, logos)

Design simple things that improve your robot’s
performance

Find projects that promote STEM in your community.




Document your CAD

* Make notebook entries for all CAD sessions

e Even if you are just learning, or you do not make
anything useful.

e Explain the underlying design and fabrication
choices

e Learn how to make drawings >




CAD & Part Suppliers

Rev Robotics supplies CAD for each part they sell.
Each individual part has its own CAD on the product’s page

Textrix supplies CAD for each part.

Each individual part has CAD that can be found after clicking on the part.

McMaster-Carr provides CAD drawings for only some of their products.
There is a small CAD symbol by the part name if CAD is available

VEX Robotics provides CAD for each part.
The individual product pages have CAD files for the pieces

Actobotics (Servo City) supplies CAD for their products

https://www.servocity.com/step-files

Andymark supplies CAD for their products



https://www.servocity.com/step-files

(— @“l:\‘. secura | www.revrobotics.com 310 Q 1

E—

ROBOTICS

NEW PRODUCTS | REV FORFRC REVFORFTC | SHOPALL | ABOUT | RESOURCES PURCHASE ORDERS

15MM PLASTIC 138 DEGREE BRACHET - 8 PACH

15MM PLASTIC 135 DEGREE BRACKET -
8 PACK

$5.00

SKU REV-41-1310

CQuantity
1

T .ADD 10 CART

Rz

L f jml & v in]

Description Documentation & Resources Reviews Also Viewead

This 135 degree plastic bracket is used with the REV 15mm Extrusion System. Each brackel includes a set of abignment ribs designed to seal the bracket
inta the extrusion channel

agsing joint aignment, strength, and rigidity

H O Type here to search



&« C | @ Not secure | www.revrobotics.com/rev-41-1310/

7$5.00

SKU REV-41-1310

Quantity:
1
7 ADD TO CART
Add to Wishlist
Lol f [&] 5] w]in]
Descriptifn Documentation & Resources Heviews Also Viewed

CAD

» REWV-41-1310 STEP File

DOCUMENTATION

RESOURCES

« Building System Guide



.
DS SOLIDWORKS

4 | File | View Tools Help —-H|

2 Shooter Guide v3
3 Master Assembly
:&, Browse Recent Documents.., R

E Browse Recent Folders... i

Exit




|@ Search §¢

P " =
IS soupworks|?| @D -BF-EH-2-9- 0 - &} -

smeETe|

ﬂ Cpen

- v 4 4- s ThisPC s Downloads ¥

Organize « Mew folder

&= | Pictures

Impertant thing: \u
I This PC q
J 3D Objects ' 5 ]
B Deskiop Impartant things  Intake Funnelv2  REV-41-1310.5TE
2617 P
i| Documents
4 Downloads
B Music
&= | Pictures
B videos
% Local Disk (C3)
- Student Files (D:

& DVD RW Drive (E

Made
Mode Uhsplay States References...

Quick Filter: Q_?) @ 7‘5

-. : All Files (".7) ~

File name: | REV-41-1310.5TEP

SOLIDWORKS Education Edition - Instructional Use Only

O Type here to search



| S soupworks| ¥ B0 -B-@-8-

-0 Ee-

REV-41-1310.5LDPAT *

[

Search SOLDWORKS Help ) -I - T -

.@ Swept Bosy/Bare

Etruded Revolved JiL Lofted Boss/Base

Eoss/Base Boss/Base

@E] Boundary Boss/Base

@

Haole .
Bdruded o, Revoleed [[J Lofted Cut

[ sweptcut [3 kR ,‘_J} Rb  [&d Wrap

@ Boundary Cut =

Fillet Linear

Pattern

E Draft & intersect
L_’I Shell H‘-‘ﬂ Mirrar

‘W

Reference Curres

Geometry

Features | Sketch | Evaluate | Dimipert | SOLIDWORKS Add-ins | Simulstion | SOLIDWORKS MBD | SOLIDWORKS CAM | Analysis Preparation |

¢ ElR[¢[@ T
v |
Ty 7 REV-41-1310 (Default<<Defaults |
(&) History
@ SENZOMS
L E] Annctations
§5 Materisl <not specified>
[:I Frent Plane
[ Top Plane
[_'E_l Right Plane
1_ Origin

v+ & REV-41-1310.5TEP >

*|

€
MIIRIN] Model |30 Views | Motion Study T |

Y

p S

*Trimetric

SOLIDWORKS E;iucat.mnaiﬂrtmn = Instructicnal Use Onky

0 Type here to search

U

PEAPER-D-v & -

Editing Part

=157

ETes

[

Ame




JP?SSOUDNDRKS 4 Flie Edit View Insert Tools Simulation ‘Window Help - Assem] ® |@ Search SOLDWORKS Help fo -I _ 2 _ M X

Assembly | Layout | Sketch | Evoluate | SOLIDWORKS Add-ins | Simulation | SOLIDWORKS MED | SOLIDWORKS CAM | 554 LB -B-v- o - a0 e

— = » .'E Azsern] (Default<Display...
S ER&[@ [
% Mate @ P
v x 5=

% Mates @‘ Aﬂi}ly’hlﬁ-

Mate Selections s
Standard Mates -"\

,.r’i Coindident
\E\ Paraliel

_| | Perpendicular
a\ Tamgent

@ Coneentric
L‘% Lok

H 1,004 2
25| [p0.00aeg =

Advanced Mates il
Mechanical Mates b d

Mates A

H Distance] [Extrusion< x>,
'\-}\ Parallell [135 degree bra

Options -
[J Add to new folder | ZA‘
[ show papup dialog

A show preview )
(o O P N e ¥ | *lsemetric

NI Moder |30 Views | WohonSeidy 1] _
SOLIDWORKS Education Edition = Instructional Use Onky Under Defined  Editing Assembly

O Type here to search



“??S SOLIDWORES | 4 File Edit View Insert Tools Simulation Window Help M

g g BE B @ & i

Ingert Linear Component

hiate Smart Showr
Components Fattemn Fasteners Component Hidden Features
- - - Components -

Azsembly Reference

-]
@
Hew Bill of
Geomely | \iotion | Materials
- Study

Assembly | Layout | Sketch | Evoluate | SOLIDWORKS Add-ins | Simulation | SOLIDWORKS MED | SOLIDWORKS CAM |

- g ﬂhsserm (Default<Display Si.ﬁt-h]?
&) History

E Sensors

3‘] Annctations

| Front Plane

41 Top Plane

1 Right Plane

_, Origin

& T (-1 135 degres bracket< 1> (Defoult|
TEJ ¥ Extrusion 43<1> (Default< <Default|
T\i“b 7 () Extrusien<1> (Defaukt<< Dcfauﬂé

f(. Coincident] (Extrusion 45< 1> Bxtru|
A, Coincident2 (Extrusion 45< 1>, Extru|
H Distancel (Extrusion< 1> Extrusion |
A Coincidenti5 (135 degree bracket< .

€ > |

El___EMJj Model [ 30 Views | anS'!Eld}-f 1|
SOLIDWORKS Education Edition = Instructional Use Onky

0 Type here to search

@

Exploded
Wie

L

0
Instant30

P

Assem *

& S
Update Take Large

Speedpak  Snapshot Assembly
Mode

SAdPEF - O- v O -

8|

|@ Search SOLDWORKS Hetp § -I - T -

Under Defined  Editing -Assemhly




Field Download - AndyMark.com

P)SSOUDWO-‘?A’S File Edit View Insert Tools Window Q D e Bf‘ v M E T - % ] . {5} M

colored field

@ seachsoLbworksHep Qv @ @ _ B £ X

[ - 7 8 N
W ok 2 8 0y P IS M & B
Design |nterference Clearance Hole  Measure Markup  Mass Section Sensor Assembly Performance Curvature
Study  Detection Verification Alignment Properties Properties Visualization Evaluation

Assembly | Layout | Sketch Markup | Evaluate  SOLIDWORKS Add-Ins | SOLIDWORKS CAM

§ER oleF
?-
) colared field (Default<Display
[@] History

@Sensors

;fjAnnuballons

[E,] Front Plane

[E] Top Plane

[1” Right Plane
I_, Origin
3 @ (f) [ am-4060+Skystone+Fu

0 Mates

X 2
Y ¥

< >
I!IUIJIII Model \ 3D Views Motion Study 1 |
SOLIDWORKS Student Edition - Academic Use Only

L ot o B & ©
Compare Check Active SimulationXpress ~ FloXpress  DriveWorksXpress Sustainability
Documents Document Analysis Wizard Analysis Wizard Wizard Costing

' PPAlE v Eee o

I
x
®

A

Fully Defined Large Assembly Settings Editing Assembly ps__- g“"z



Fusion 360 Renders




ion 360 Renders

Fus




Ways to make things you
design




3D Printing

* Inexpensive machines
e materials can be expensive
* Industrial use is mainly for prototyping
e Slow
* Imprecise
e Limited material set
e Parts are not thermomechanically durable
e Reworking is difficult
 Critical concepts/settings:
* Orientation

e Support

Fill density, wall thickness

Print speed

Layer thickness
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Water Jet

e Primarily 2D (angle cuts are possible)
e Works for almost any material

e Can cut through many inches of
metal/stone

e Precise feature location, imprecise
sizing due to beam shape and walk-off

 Machine is extremely expensive
e Materials and operation are cheap




CNC mill/router

e Computer Numeric Control
e extremely expensive 3D milling machines

e inexpensive consumer-grade tools with lesser
capability

e Everything in between

* Inexpensive CNCs cut wood, plastic, and
aluminum

e Usually 2D with variable relief
* Precise feature location and sizing

lI"| ,.
! | -

http://shop.nextwaveautomation.com




Laser cutting and engraving

e 2D cutting/relief only (+ curved surfaces)
e Limited material set (paper, wood, acrylic)
e Uses SVG files (inkscape, Fusion 360)
 Machines are expensive

 Materials and operation are cheap

* Very precise cutting
e difficult to control width and depth of the cut

troteclaser.com



Hand Working

e Outline: hack saw, bandsaw, jigsaw, bench
grinder, shear

 Drilling: center punch, cordless drill, drill
press

* Finishing: bench sander, hand file, tap,
reamer, countersink, deburring tool




Project examples



Linear Slide Spacers — Eagle Robotics 7373




Robot Chassis Design — PTC Creo

 Twisted Axles, FTC 6047
e Scrap metal from Res-Q

 Hand-worked outline, local shop drilled
holes using a mill |

e Key features

e Lightweight

e Open robot interior = ' ] e
e Easily modified to add T ' .
mounting points : ! |
| el
T




Glyphter Arms — Inventor - Water Jet




Robot crate and sizing box — Inventor — 80/20 kit

* Prototype was hand-cut (bandsaw, bench sander, panel saw)
 Any team can buy this as a prefabricated kit

80/20¢' Inc. 8/2/2019 10:29:41 AM

The Industrial Erector Set
QUOTATION # : Q-74421

Project Description / Reference:

Distributor: ADVANCED CONTROL SOLUTIONS
Attn: Steven Spence
Address: 1400 Williams Drive
Marietta, GA 30066
Phone: 770-956-7202
Fax:
Mobile:
E-Mail: sspence@acs-ga.com

Customer:
Attn:

QUOTE MUST BE ORDERED WITH THE FOLLOWING LINES (1 KIT UNLESS OTHERWISE SPECIFIED).

80/20 Standard Material and Machining (KIT FORM): $ 24455 LIST PRICE
Outsourced Items (Listed Below): $ 0.00 NET price to distributor
Total Estimated Weight: 24 |Ibs (Does not include CMs or purchased parts)

OPTIONAL 80/20 BUILDS ASSEMBLY SERVICE

0.00 Hours of Assembly (80/20 Builds): $ 0.00 LIST PRICE




FTC team markers

e Lots of creative designs from FTC teams




Motor-mounted winch — Inventor — 3D printer

motor mounted winch for FTC b, X +

o 3 D p ri ntEd pa rtS & - C & https//www.thingiverse.com/thing:2985992
compatible with
actobotics hub 9 motor mounted winch for FTC

by FTC4631Robotics Jul 2, 2018

Thinglverse DASHBOARD EXPLORE EDUCATION CREATE £ search Thingiverse SIGN IN / JOIN

%1 DOWNLOAD ALL FILES

* Prints in three

Like 10
separate pieces 17
I Comments 2
,  Post a Make 0

e Use of metal hub
improves durability Remix I 0
Share 0

Thing Apps Enabled

™ Order This Printed

- * - - ' R




Robot Assembly — Inventor
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