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Monarch Maker Workshop Schedule

DAY 1 Activities Duration

8:00 am — 9:00 am Pre-workshop Assessment Surveys 1 hr. A. Dean

9:00 am — 9:45 am Bio-Inspired Robotics: Introduction to 45 min. K. Kaipa
principles of bio-inspired robotics, legged
robots, and walking gaits.

9:45 am - 10:00 am Break 15 min.

10:00 am —12:00 pm | Arduino: Introduction to microcontrollers, | 2 hrs. O. Popescu
Arduino, and programming. Hands-on
activity with LEDs, single motors, and
multiple motors

DAY 2 Activities Duration

8:00 am —9: 00 am Making: Intro to 3D Printing and Additive | 1 hr. K. Arcaute
Manufacturing Technologies.

9:00 am —10:00 am | Computer Aided Design (CAD): 1hr. V. Jovanovic
Introduction to CAD. Keychain Activity

10:00 am - 10:15am | Break 15 min.

10:15am - 11:05 am | Hands-On Making: Slicing - creating G 50 min. K. Arcaute
code from STL designs and preparing
them to be 3D printed.

11:05 am — 12:00 pm | Design: Parametric Modeling 55 min. V. Jovanovic
Fundamentals

DAY 3 Duration

8:00 am —10:00 am | Assembly: Assembly of bio-inspired 2 hrs. K. Kaipa
robots with pre-printed parts and servo
motors K. Arcaute

10:00 am - 10:15am | Break 15 min.

10:15 am - 12:00 pm | Electrical wiring: Electrical wiring 1hr.45min. | K. Kaipa
between servo motors, batteries, and
switch 0. Popescu

DAY 4 Duration

8:00 am — 9:45 am Programming: Programming code for: 1hr.45min. | K. Kaipa
a) testing each leg and b) walking gait

9:45 am - 10:00 am Break 15 min.

10:00 am — 10:45 am | Testing: Testing of robot walking and 45 min. K. Kaipa
readjustment by analyzing possible
failures and making improvements. V. Jovanovic

10:45am - 11:15 am | Race to Finish 30 min K. Kaipa

11:15 am - 12:00 pm | Workshop Assessment Survey 45 min. A. Dean







Module - Bioinspired Robotics

Module

Biologically
Inspired
Robotics

Introduction to Principles
of Bio-inspired Robotics

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Outline

m Introduction to Traditional Robotics
mBiological Inspiration

m Legged Robotic Locomotion

mBio-inspired Gaits

mLeg Mechanisms and Kinematics

m Examples of 3D-printed Bio-inspired Robots
m Project Goal
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Module - Bioinspired Robotics

What is a Robot?

mEmbodiment
mSense
mThink
mAct

[1
[2] http://www.calit2.uci.edu/calit2-newsroom/itemdetail.aspx?cguid=776d6aa6-0a83-458c-a770-c034d041fa50

[1] http://wiki.icub.org/wiki/The_iCub_IROS_'10_workshop

[3] http://www.vision-systems.com/articles/2012/10/epix-stereo-camera-captures-8-to-12-bit-images-at-up-to-340-frames-
per-second.html

[4] http://letsmakerobots.com/content/hc-sr04-ultrasonic-sensor

[5] http://www.designworldonline.com/6dof-sensors-improve-motion-sensing-applications/

[6] http://www.signal11.us/io.html

[7] https: //www.youtube.com/watch?v=ZcTwO2dpX8A

Traditional Robotic Locomotion

mEngineered solutions to locomotion

Dependence on wheels, rotors, airfoil
wings for basic propulsion

mExamples

Unmanned ground vehicles (Robotic self-
driving cars, tracked robots, etc)
Unmanned underwater/surface vehicles
(Robotic boats/submarines)

Unmanned aerial vehicles (Robotic
helicopters, quadcopters, etc)

http://www.clearpathrobotics.com/h

http://www.irobot.com/us/learn/defense/sugv.
aspx

NSF Grant # 1749566
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Module - Bioinspired Robotics

Biological Inspiration

mAnimals/insects evolved distinct traits to
perform reliably in unstructured environments

mFeatures like softness, compliance, and
configurability to reduce complexity of
interaction with surroundings

Bio-inspired insights can be used to synthesize locomotion and
manipulation capabilities in robotic systems

Examples of Robotic Locomotion

(a, b) Examples of less biologically inspired solutions to locomotion —
wheeled and tracked robots. (c,d) Examples of more bio-inspired solutions
to locomotion — legged robots (quadrupedal and bipedal humanoid).

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Bioinspired Robotics

Source of Bio-inspiration
mEntire animal kingdom
Vertebrates Animals
Invertebrates ,,,.,,._,,.. ;3
ey K oot g T
m Examples * D S @ 15 T
Fish locomotion =» Marine robot g‘% yﬁﬁﬁ 4O AR
Human hand = Robotic gripper % PXYARY
mPrincipal traits W & | ]
Morphology > R
Biomechanics N— o——d
ContrOl http://mapsandmemories.edublogs.org/files/2012/01/cla

Morphology

m Refers to the overall body plan of the natural
creature chosen as the inspiration source
Kinematic structure of the body

Geometrical shapes and aspect ratios of
dimensions of various body segments

Compliance/stiffness properties of different body
segments

Limbs specialized for propulsion versus those
specialized for manipulation

m Morphology determines whether the animal
can operate in a particular environment or

not Forefoot Hindfoot
= Morphology impacts how well the animal gl \/ /

performs in a chosen environment

NSF Grant # 1749566
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Module - Bioinspired Robotics

Animal’s Body Plan Decides its
Locomotion Mode

m Body structures of most animals are best suited to
only one locomotion mode.

Purely aquatic creatures (e.g., fish, whales, dolphins, etc) are
suitable for swimming alone

Terrestrial animals (e.g., quadrupeds like cheetah, horse, etc.,)
are best suited for walking and running on land

m Body plans of reptilian family (e.g., lizards) and
cursorial mammals (e.g., Cheetah) distinctly differ
from each other, which reflects in their differing
locomotion characteristics

e TS

Biomechanics

friction

‘E‘;"—% .

Statics of sprawling posture

Integration of movements in shoulder, elbow, and
wrist to maintain ground contact during stance phase

[Russell and Bels 2001]

NSF Grant # 1749566
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Module - Bioinspired Robotics

Biological Control

m Central pattern generators (CRGs)

7
\ *e
. “ 2
Freq [Hz x Body
nl 0

h(

5 Swimming
Walking

5 10 15 20 25 30 35 40
Time [s]

drive d

[ljspeert et al. 2007]

Examples of Bio-inspiration

m Gorilla http://www.youtube.com/watch?v=2Npc5QlS6Iw

m Turtle http://www.youtube.com/watch?v=5e-VKSYATNU
m Lizard http://www.youtube.com/watch?v=7-5tyRvMGvY
m Bear http://www.youtube.com/watch?v=PfnX3i5kwUU
m Sloth http://www.youtube.com/watch?v=eotEEUNatKY

m Rabbit/Ferret http://www.youtube.com/watch?v=kxDymYeKV3Q

m Komodo Dragon http://www.youtube.com/watch?v=n6Rig-d4W_o

m Gecko http://www.youtube.com/watch?v=iv7VoFcYdnw

NSF Grant # 1749566
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Module - Bioinspired Robotics

Six-legged and Eight-legged Robots

Multi-legged robots that borrow inspiration from insects in which the legs are
spread out and move sideways: a) Stick-insect inspired hexapedal robot b)

Lobster-inspired eight-legged robot c) Ajax, a cockroach-inspired hexapedal
robot, d) Mantis

Four-legged Robots

Lineup of quadrupedal robots from Boston Dynamics: a) Big Dog, b) WildCat,
c) Little Dog, d) LS3 e) Spot, and f) Spot Mini. [Source:
https://www.bostondynamics.com/]

NSF Grant # 1749566
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Module - Bioinspired Robotics

Locomotion Gaits

mStride

A complete cycle of leg movements starting from
the setting down of a foot to the next setting down
of the same foot

mStride frequency f
Number of strides taken in unit time

mStride length A
Distance travelled in one stride

= Mean speedu=Af

mStance phase

Duration of the stride when the foot is in contact
with the ground

Locomotion Gaits (Contd.)

mSwing phase

Duration of the stride when the foot is lifted
and moved forwards

mDuty factor B | |

Fraction of the duration of the stride when
the foot is in contact of the ground

mRelative phase

Stage of the stride when a foot is set down,
expressed as a fraction of duration of the
stride following the setting down of a
arbitrarily chosen reference foot

075 025

NSF Grant # 1749566
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Module - Bioinspired Robotics

Gait Classification

mClassification 1 (based on speed)
Walking: B > 0.5 (must be stages when both feet of a pair
are on ground simultaneously)
Running: B < 0.5 (must be stages when both feet of a pair
are off the ground simultaneously)

mClassification 2
Symmetrical: left and right feet of each pair have
equal B and relative phase differing by 0.5 (eg.,
walking and slow running)
Asymmetrical: left and right feet of each pair move
in unison (eg., fast running and hopping)

Quadrupedal Gaits: Relative Feet Phases

0 O 05 0 O 05 O\O 05 0 O 03

075 025 05 0 0 05 0.7 0
amble trot pace canter

0 O/O.“l 0 O 01 O\O 0 0 0.0

05 06 06 05 05 05 0 0
transverse gallop rotary gallop bound . - pronk

NSF Grant # 1749566
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Module - Bioinspired Robotics

Gait videos |!
m Walk (four beat)

http://en.wikipedia.org/wiki/File:Muybridge horse_walking animated.gif

m Trot (two beat)
http://en.wikipedia.org/wiki/File:Trot_animated.gif

m Pace (two beat)
http://en.wikipedia.org/wiki/File:Muybridge horse_pacing_animated.gif

m Canter (three beat)
http://en.wikipedia.org/wiki/File:Gallop_animated. gif

m Gallop (four beat)
http://en.wikipedia.org/wiki/File:Muybridge race_horse_animated.gif

Symmetrical Gaits Asymmetrical Gaits

i Walking Trot Rotary Gallop
LH LH —
LF | LF |
RF RF [—

‘

RHF | RH |

0% 25%  50%  75%  100% 0% 25%  50% 75%  100%

Lateral Sequence Walk Transverse Gallop

LH LH —
LF | LF 1
RF ] RF
RH 1 RH |

0% 5%  50%  75%  100% 0% 25%  50%  75%  100%

Running Trot Bound

LH — LH |
LF | — LF
RF I RF
RH‘ | RH ]

0% 25%  50% 0% 25%  50%  75%  100%

NSF Grant # 1749566
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Module - Bioinspired Robotics

Effect of Size on Gaits

m Difference in sizes to describe gaits
Elephant’s weight = 106 X Shrew’s weight
Elephants’ bone length = 102X Shrew’s bone length

m For a given speed
Stride length proportional to size
Gait may be different
E.g., walking horse = trotting dog = galloping mouse

Shrew Elephant

m Related animals have grossly different sizes but
display a high degree of geometric similarity

Geometric Similarity

mFor most mammals ranging from shrews to
elephants

(Body + head) length a (body mass)?-33

(Principal leg bone) length a (body mass)?-3°

mGeometric similarity = Dynamic similarity

NSF Grant # 1749566
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Module - Bioinspired Robotics

Dynamic similarity

2
u
m f'roude number = oh

u is speed of travel
g is acceleration due to gravity h [
h is height of hip joint from ground

m Animals move in dynamically similar fashion when speeds are
inversely proportional to square root of leg lengths

=>» dynamically similar gaits when Froude numbers
are equal

Same Gait for Same Froude number

Froude Mammal | Height Speed Gait
No. example | (m) (m/s)
0.1 Cat 0.22 0.5 Walking

Camel 1.7 1.3 Walking

1.0 Cat 1.5 Symmetric running (Most
species trot)

Camel 4 Symmetric running (Pace)

2-3 Asymmetric running
(Canter or gallop)

NSF Grant # 1749566
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Module - Bioinspired Robotics

Leg Mechanisms

Forward Kinematics

mGiven joint parameters, determine the final
end effecter location

Given
q
o

TS
{Tool}
B,

17
{Base} Z
|

NSF Grant # 1749566
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Module - Bioinspired Robotics

Kinematics Example

i aj-1 a- d, 6;
1 0 0 0 &y
2 0 Ly 0 6,
3 ] L, 0 i

Robot configuration Frame assignment Denavit-Hartenberg parameters

i~1p _ sb;ca; 4 cbica;_y —sa;_ —sa;_1d;
sO;sa; 1 cO;so;_y ca;_q  co;_qd;
0 0 0

Transformation matrix

Inverse Kinematics

mGiven desired end effecter position and
orientation determine the joint parameters

by
q?

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Bioinspired Robotics

Inverse Kinematics of a Walking Robot

Gorilla-inspired robot

(x, y0) > (8,1, B,0)
(x@, y@) > (8,@, 0,()

A

(x), ym) > (8,M, B,M)

Bio-inspired Robot Examples

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Bioinspired Robotics

Bio-inspired Robot Examples (Contd.)

GEREIE
Ky

s> MARYLAND

« &)+ ROBOTICS CENTER

l"."ﬁl&"‘\‘ THE INSTITUTE FOR SYSTEMS RESEARCH
Robots from

Bio-inspired Robotics (ENME 489L) Course

Fall 2013

Instructor: Krishnanand N. Kaipa
TA: Reuel Smith

Student Teams:
Team 1 (Gorilla): Edward Mulhern, Sydney Selden, Alexander Goniprow, Eshwari Murty
Team 2 (Turtle): Benjy Levi, Jon Snyder, Ashley Kundin, Tyler Orndorff
Team 3 (Lizard): Corey Cruttenden, Tommy Wyderko, Abby lacangelo, Timothy Yee
Team 4 (Bear): Daniel Villalobos, Mylene Motsebo, Ashley Marston, Michael Froeschle
Team 5 (Sloth): John Vernon, Pedro Pessoa, William Dean
Team 6 (Rabbit): Mark Kelly, Kathryn Bristowe, Maeve Corcoran, Carl Rubbo
Team 7 (Sloth): Walter Penney, Christine Opiekun, Will Weston-Dawkes, Humbert Garza
Team 8 (Komodo Dragon): Jamie Harding, Amanda Heyes, Steven Shumsky, Michael Harley
Team 9 (Lizard): Austin Cao, Bryant Tong, Nichclas Ousborne, Winston Mann

Turtle-inspired Amphibious Robot

RoboTerpl

A. Vogel, K. N. Kaipa, G. Krummel, H. A. Bruck, and S. K. Gupta. Design of a compliance assisted quadrupedal amphibious
robot. IEEE International Conference on Robotics and Automation (ICRA 2014), Hong Kong, China, May 31-June 7, 2014.

NSF Grant # 1749566
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Module - Bioinspired Robotics

Turtle-inspired Amphibious Robot

Horseshoe Crab inspired Self-righting
Robot

G. Krummel, K. N. Kaipa, and S. K. Gupta. Design of a horseshoe crab inspired amphibious robot for righting in surf
zones. ASME Mechanisms and Robotics Conference (IDETC/CIE 2014), Buffalo, NY, August 17-20, 2014.

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Bioinspired Robotics

Project Goal

mDesign a four legged bio-inspired robot that
can perform the following function

Travel on a straight line 25 times its body’s largest
dimension in two minutes or less

m Demonstrate walking on two different surfaces
Parking lot
Carpeted floor

References

m J.J. Craig. Introduction to Robotics: Mechanics and
Control. Prentice Hall; 3rd edition, 2003

m R. Alexander. The gaits of bipedal and quadrupedal
animals, The journal of Robotics Research: 3(2),
1983, pp. 49—59.

m G. A. Bekey. Autonomous Robots: From Biological
Inspiration to Implementation and Control. MIT
Press, 2005.

m Karl Williams. Amphibionics: Build Your Own
Biologically Inspired Reptilian Robot. McGraw-
Hill/ TAB Electronics, 2003.

NSF Grant # 1749566
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Module -Introduction to Microcontrollers
and Arduino Uno

Arduino
Module

o re—

Introduction to
Microcontrollers and
Arduino Uno

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Objectives:

m Meet the Arduino microcontroller

m Hardware components

m Basics of electrical circuits

m Building a simple circuit on breadboard
m Programming with Arduino

m Controlling servo motors

m Controlling multiple motors

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

What is a Microcontroller?

m “A microcontroller is a very small computer that has digital
electronic devices (peripherals) built into it that helps it
control things. These peripherals allow it to sense the world
around it and drive the actions of external devices.”

http://www.arduinoclassroom.com/index.php/arduino-101

m A small computer on a single chip, containing a processor,
memory, and input/output pins.

m |t is an “embedded computer system” that continuously
repeats software (programming) commands

m Examples: Arduino Uno, Raspberry Pi, etc.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

1. Meet Arduino ...

m Was developed as a cheap
choice for artists,
hobbyists, students, and
anyone with a gadgetry
dream.

m A new challenge: how to
teach students to create
electronics fast.

http://spectrum.ieee.org/geek-life/hands-on/the-making-of-arduino

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Our Partner for This Workshop:

https://www.sparkfun.com/sparkfun_inventors kit
And to access the experiments go to:
https://learn.sparkfun.com/tutorials/sparkfun-inventors-kit-experiment-guide---v40

Acknowledgment: This work is supported by National Science Foundation grant 1749566

The Arduino Uno
Development Board

Reset Button Ground Pin  Digital Pins

ErET

Ground Pins

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Red Board

PWR IN usB
(to Computer)
t—l—\ l—‘—\

/ RESET

} SCL\SDA
(12C Bus)
POWER _[
5V /3.3V/GND
L. Digital NO
PWM(3, 5, 6, 9, 10,
11
Analog
INPUTS

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Arduino & Arduino Compatible
Boards

ARDUINO

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

What is a Development Board?

- A printed circuit
board designed to
facilitate work with
a particular
microcontroller.

- Typical components include:
Power circuit
Programming interface

Basic input; usually buttons
and LEDs

I/0 pins

Acknowledgment: This work is supported by National Science Foundation grant 1749566

The Word “Arduino” Can Mean 3
Things

A physical piece A programming A community
of Kardware environment & philosophy

o Ao - D10

todbot.com/blog/bionicarduino

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Getting Started

m Check out: http://arduino.cc/en/Guide/HomePage

m Download & install the Arduino environment (IDE)

m Connect the board to your computer via the UBS cable
m If needed, install the drivers (not needed in lab)

m Launch the Arduino IDE

m Select your board

m Select your serial port

m Open the blink example

m Upload the program

Acknowledgment: This work is supported by National Science Foundation grant 1749566

First Step: Connect the USB Cable

fruick blipky

Power LED should stay on

todbot.com/blog/bionicarduino

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Go Ahead and Plug Your Board In!

Acknowledgment: This work is supported by National Science Foundation grant 1749566

3. Hardware Components
Arduino Shields:

Built Shield Inserted Shield

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Arduino Shields:

Micro SD

MP3 Trigger

LCD

Acknowledgment: This work is supported by National Science Foundation grant 1749566

SIK Components

Push Button @ Digital Input
Trim Analog Input
potentiometer

Photoresistor ﬁ Analog Input

Digital Qutput

‘. Analog Input

Flex Sensor —S=\wm, Analog Input

Relay

Temp Sensor

Soft Trimpot  ==% "~ Analog Input
RGB LED % Dig & Analog
Output

Switch - Closes
or opens circuit

Variable resistor

Light Dependent
Resistor (LDR)

Switch driven by
a small signal

Temp Dependent
Resistor

Variable resistor

Variable resistor

16,777,216
different colors

Polarized, needs
resistor

Also called a
Trimpot.
Resistance varies
with light.

Used to control
larger voltages

Careful of shorts

Qoh... So pretty.

| 4 leads

3 leads

3 leads

3 leads

2 leads
3 leads
2 leads

4 leads

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

SIK Components

LED (5mm)
{Light Emitting Diode)

Jumper Wire
Various Colors

———
———
S —

33022 Resistor 10KS? Resistor

* ACTUML SIZE “ ACTUAL SIZE

Potentiometer Diode
(1N4148)
* ACTUAL SIZE

x1

Acknowledgment: This work is supported by National Science Foundation grant 1749566

SIK Components

Photo Resistor Piezo Element

Temp. Sensor Transistor

(TMP36) E (P2N2222AC)

Push Button

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module -Introduction to Microcontrollers
and Arduino Uno

SIK Components

Flex Sensor SparkFun RedBoard

xl

Soft Potentiometer

xl

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Breadboard
Relay Integrated Circuit Standard Solderless (Color may vary)
(Ic)
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go| [oEnnE | | oooamv L.
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x

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module -Introduction to Microcontrollers
and Arduino Uno

3. Basics of Electrical Circuits

Some cool presentations

m Voltage about electrical circuits that

= Current you can check on your own:

m Resistance http://bowlesphysics.com/i
mages/05AP Physics C -

m Ohms Law Electric Circuits.ppt

m Using a Multi-meter

https://www.build-
electronic-
circuits.com/basic-
electronic-components/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Electrical Properties

b
Vv I R

= Defined as the = The rate of . -
amount of charge flow in Epfl_?fr'}"gn
potential a circuit. o gnarge
energy in a flow.
circuit. Uniits: A + Units: Ohms ()
- Units: Volts (V) (:)J' mperes

OHM'sLAW: V = I R

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Ohm’s Law

m Ohm’s Law describes the direct relationship
between the Voltage (V), Current (1), and
Resistance (R) of a circuit.

m The three different forms of Ohm’s Law are as
follows

~ <

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Current Flow Analogy

® 6
.
b4 ¢
High Current Low Current
V=IR

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers
and Arduino Uno

Voltage Analogy

Water
Tower

)
o,
%Ma

VI

More Energy == Higher Voltage

Water
Tower

!

Less Energy == Lower Voltage

V=1IR

L]

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Water
Tower

()
o,
b8
Big Pipe == Lower Resistance

VI

Resistance Analogy

Small Pipe == Higher Resistance

V-R

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module -Introduction to Microcontrollers

and Arduino Uno

Continuity - Is it a Circuit?

m The word “circuit” is derived from the circle. An
Electrical Circuit must have a continuous LOOP
from Power (Vcc) to Ground (GND).

m Continuity is important to make portions of circuits
are connect. Continuity is the simplest and possibly
the most important setting on your multi-meter.
Sometimes we call this “ringing out™ a circuit.

fore
Lantnuity

setting ™~

L____Ngv___

e el
T oo~ P oy
| ——— o S—
T T i S—
L R

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Measuring Electricity - I

Voltage

-
¥

.

I~

Voltage is a measure of potential electrical energy. A
voltage is also called a potential difference - it is
measured between two points in a circuit - across a

device.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module -Introduction to Microcontrollers

and Arduino Uno

Measuring Electricity -- Current

@'P@_’@
O o

Current is the measure of the rate of charge flow.
For Electrical Engineers - we consider this to be the
movement of electrons.

In order to measure this - you must break the circuit
or insert the meter in-line (series).

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Measuring Electricity -- Resistance

m Resistance is the measure of how much opposition
to current flow is in a circuit.

m Components should be removed entirely from the 9{
circuit to measure resistance. Note the settings on /
the multi-meter. Make sure that you are set for the
appropriate range.

) M0 OFF gp0mV V=
2000 ==
\ .
\

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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Module -Introduction to Microcontrollers

and Arduino Uno

Prototyping Circuits
Solderless Breadboard

m One of the most useful tools in an

engineer or Maker’s toolkit.

m The three most important things:
A breadboard is easier than soldering
A lot of those little holes are connected,

which ones?
Sometimes breadboards break

Acknowledgment: This work is supported by National Science Foundation grant 1749566

What is a Breadboard?

1]

Ul
Il

I

[

il

AT
T

[l
|

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module -Introduction to Microcontrollers
and Arduino Uno

Solderless Breadboard

m Each row (horiz.) of 5 holes
are connected.

m Vertical columns - called
power bus are connected
vertically

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Using the Breadboard to Built a
Simple Circuit

B m Use the breadboard
BlEsEERaE to wire up a single LED
- with a 330 Ohm Resistor
(Orange-Orange-
Brown).

[SIS)Y]
-1
H
2
g

yecup oy
)

Note: the longer leg on the LED
is the positive leg and the

T shorter leg is the negative

g
g
[=1
rentOutput
78
[TEETETRETTERRETT

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module -Introduction to Microcontrollers
and Arduino Uno

Your First Circuit.
Circuit 1A: BLINK a LED

m What happens when you break the circuit?

m What if you wanted to add more than one LED?

NOTICE:

Follow the connections
and notice how the circuit
loop closes.

Notice how power rails of
the breadboard are used
to connect the
components to power
terminals on the board.

https://learn.sparkfun.com/tutorials/sparkfun-inventors-kit-experiment-guide---v40/circuit-1la-blink-an-led
Acknowledgment: This work is supported by National Science Foundation grant 1749566

Circuit 1A:
BLINK a LED. Alternative design.

NOTICE:

The power rails of the
breadboard are not
used here. The circuit
closes through PIN 13,
used here to power
the circuit.

fritzing

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module -Introduction to Microcontrollers
and Arduino Uno

The components you use in Circuit
1A: BLINK a LED

Light-Emitting Diodes (LEDs) are small lights made fro
silicon diode. They come in different colors, brightnesses
and sizes. LEDs have a positive (+) leg and a negative (-)

Faalg leg, and they will only let electricity flow through them
in one direction. LEDs can also burn out if too much
Short Leg electricity flows through them, so you should always use
L. a resistor to limit the current when you wire an LED into
- a circuit.
+ QD Res_istors _ N
Resistors resist the flow of electricity.
l’ You can use them to protect sensitive

resistor (measured in ohms) is marked
on the body of the resistor using small

‘ﬂﬂ:} components like LEDs. The strength of a
colored bands.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Intro to Programming

Arduino
Module

Intro to Programming

Acknowledgment: This work is supported by National Science Foundation grant 1749566

4. Programming with Arduino

Adding control!

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Intro to Programming

Concepts: INPUT vs. OUTPUT

Referenced from the perspective of the microcontroller
(electrical board).

Inputs is a signal /
information going into
the board

Output is any signal
exiting the board.

-

Almost all systems that use physical computing

will have some form of output

What are some examples of Outputs?

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Concepts: INPUT vs. OUTPUT

Referenced from the perspective of the
microcontroller (electrical board).

Inputs is a signal / information Qutput is any signal exiting
going into the board. the board.

Examples: Buttons Examples: LEDs, DC

Switches, Light
Sensors, Flex
Sensors, Humidity
Sensors,
Temperature
Sensors...

motor, servo motor,
a piezo buzzer,
relay, an RGB LED

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Intro to Programming

Concepts: Analog vs. Digital

m Microcontrollers are digital devices
Signals only take some specific values, sometimes only two
values (ON or OFF). Also called - discrete.
- only values 0 and 5 in the example below
m Analog signals can take a full range of values.
- any value between 0 and 5 in the example below

LTI

Digital Signal Analog Signal

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Computers don’t really do analog,
they quantize.

Quantization

QUANTIZATION OF AN ANALOG SIGNAL
Kaed OUANTIZED GUTPYT- > Dutput Sanple sz & Nunber
————————————————————————— o1 3
CODE f ] [
i / oo 2 [
= e e om 1
E 7t we
- - i A r
DODE 1o -2
[ |
CODE 100 -4
X ]
( ANALOG SIGHAL
-1 0.5 [ 0.5 1

Irput. Voltage
Fig 1—Quantization maps the analog inputl range into 2% digital
words. This .

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Intro to Programming

Instantaneous Value of
Si
7 /ai Samplﬁ:’ngime
6___7 ™ 1T = Sampling Rate
Analog Signal
/ ] P — ¢
i/ N S
E A amp
E' 4! ~ Sigmal
- Quantization
Exror
3
2
1
0
12345678 910 s 20 30
Sample Number T
{Juantization

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Arduino  Integrated Development
Environment (IDE)

[ e b Aues 1052 - o | <—— Name of current sketch
5 <—— Main menus
<~ Action buttons/icons

E Verify (AKA compile)

E Upload (send to Arduino)

[ start a new sketch

[E Open a sketch (from a file)
[ save current sketch (to a file)
Open Serial Monitor window

Error messages and other
< feedback show up here.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

e fd Biach Tech Help

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - Intro to Programming

Settings: Tools - Serial Port

sketch_may01a | Arduino 1.0.3 = e
File Edit Sketch [Tools| Help

Auto Format Ctrl+T u Your CompUter
SN0 1 v s elnd communicates to the

Serial Monitor Ctrl+Shift+M Arduino microcontroller

Board , ~ via a serial port >
Serial Port »[v] coms )
S X through a USB-Serial
Burn Bootloader ad apte I.

m Check to make sure that
the drivers are properly
installed.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Settings: Tools - Board

. - ATtiny85 (external 20 MHz clock]
sketch_jun17a | Arduino 1.0.5 nyB3 (etems zclock)
— ATtiny44 (internal 1 MHz clock)
File Edit Sketch Tools| Help z
ATtiny44 (internal 8 MHz clock)
Auto Format Ctrl+T

ATtiny44 (external 20 MHz clock)
Archive Sketch . -
sketch_jun17a ATtiny84 (internal 1 MHz clock)

Fi i Rel,
eEncacing & Relaac ATtinyB4 (internal 8 MHz clock)
Serial Monit Ctrl+Shift+M
Sl gt ATtiny84 (external 20 MHz clock)
ArduBlock IZ‘ Arduino Uno
Arduino Duemilanove w/ ATmega328
Board » SE T -
. 1 Arduino Diecimila or Duemilanove w/ ATmegal68
Serial Port b .
Arduino Nano w/ ATmega328
Programmer » Arduino Nano w/ ATmegal68
Burn Bootloader Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmega1280)
Arduino Leonardo

Arduino Esplora

m Next, double-check that the proper board is selected
under the Tools - Board menu.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Open Your First Sketch
Open the Arduino IDE software on your computer. Open

placed into your examples folder earlier.
To open the code, go to:

File > Examples > SIK_Guide_Code-V_4 > SIK_Circu
Arduing varml Skatch x':oli. Help
Open... xo
Open Recent L3

Shkntchbook 3

Close. W
Save s
Save As... auS

PageSenp  GHP
Brint P

TrTYTYTYTYYYY

IRremane
LiguidCryszal
50

Servo
Stepper
WiFi

TrYvTrYvvww

EEPROM
SoftwareSerial
E

rrww

Wire

the code for

Circuit 1A by accessing the SIK Guide Code you downloaded and

it_1A-Blink

Acknowledgment: This work is supported by National Science Foundation grant 1749566

A Little Bit About Programming

z | waino10: - BB | Two required functions /

Fie [dR Sketch i Help

methods / routines:

void setup()
, {
- _ // runs once

' }

void loop()
{

// repeats

*Code is case sensitive

*Statements are
commands and must
end with a semi-colon
*Comments follow a //

or begin with /* and
end with */

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Terminology

“sketch” — a program you write to run on an
Arduino board

“pin”’ — an input or output connected to something.
e.g. output to an LED, input from a knob.
“digital” — value is either HIGH or LOWV.
(aka on/off, one/zero) e.g. switch state
“analog” — value ranges, usually from 0-255.

e.g. LED brightness, motor speed, etc.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Commands to Know...

pinMode(pin, INPUT/OUTPUT);

ex: pinMode(13, OUTPUT) ;//Sets pin to either
INPUT or OUTPUT
digitalRead(pin)
ex: digitalRead(13);// Reads HIGH or LOW from
apin
digitalWrite(pin, HIGH/LOW);

ex: digitalWrite(13, HIGH) ;//Writes HIGH
or LOW to a pin

delay(time_ms);

*More commands:
ex: delay(2500); // delayof 2.5 sec. arduino.cc/en/Refere

nce/HomePage

// NOTE: -> commands are CASE-sensitive

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Intro to Programming

Let’s Get to Coding...

mProject #1 - Blink
“Hello World” of Physical Computing

m Pseudo-code - how should this work?

Turn Turn
LED Wait LED Wait
ON OFF

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Comments, Comments, Comments

m Comments are for you - the programmer and your friends...or
anyone else human that might read your code.

// this is for single line comments
// it’s good to put a description at the top and
before anything “tricky’
/* this is for multi-line comments
Like this..
And this...
*/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Intro to Programming

@

File Edit Sketch Tools Help

Barcnirmurn §

oid setup ()

void leoop()

RareMinimum | Arduino 1.005

comments

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/




Module - Controlling the LED

Arduino
Module

Controlling the LED

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Project #1: Wiring Diagram

Move the green
wire from the
power bus to pin
13 (or any other
Digital 170 pin on
the Arduino board.

Image created in Fritzing

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Controlling the LED

/*

SparkFun Inventor’s Kit

Circuit 1A-Blink

Turns an LED connected to pin 13 on and off. Repeats forever.
*/

void setup() {

pinMode(13, OUTPUT); // Set pin 13 to output

J The Code of your
void loop() { first circuit.
Circuit 1A:
digitalWwrite(13, HIGH); // Turn on the LED
BLINK a LED

delay(2000); // Wait for two seconds
digitalWrite(13, LOW); // Turn off the LED

delay(2000); // Wait for two seconds

Acknowledgment: This work is supported by National Science Foundation grant 1749566

A few simple challenges
Let’s make LED#13 blink!

m Challenge 1a - blink with a 200 ms second interval.
m Challenge 1b - blink to mimic a heartbeat

m Challenge 1c - find the fastest blink that the human eye
can still detect...

1 ms delay? 2 ms delay? 3 ms delay???

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Try adding other LEDs

resistor.)

Light?

€an you blink two, three, or four LEDs?
(Hint: Each LED will need it's own 3304

Generate your own morse code flashing

How about - Knight Rider? Disco? Police

Acknowledgment: This work is supported by National Science Foundation grant 1749566

/4 Comments go here
A4 Written by: Joesephine Jones
A4 Date: April 12, 2013

int sensorValue;
int ledPin:

woid setup()
{
/4 put your setup co
int setupVariable;

i

void loop ()
£4 put your main code hefe, to run repeatedly:
int loopScopeVariahle

Y

<

Programming Concepts: Variables

Variable Scope |

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Programming Concepts: Variable
Types

m Variable Types:

|8 bits | | 16 bits | | 32 bits |
byte int long
char unsigned unsigned
int long
float

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Fading in and Fading Out
(Analog or Digital?)

m A few pins on the Arduino allow for us to modify the
output to mimic an analog signal.

m This is done by a technique called:

Pulse Width Modulation (PWM)

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Voltage or
current

=3
e

Voltage or current Voltage or current

o

L1

Unmodulated pulse carrier waveform

[IJLJ]HHH[IHH

T smuuoldnl modutating .elgmr

Puln ampmndn modulated carrier wave

|II | s Lﬂj__,-

ﬂ ﬂ ﬁ m,,.,.,., T ﬂ ”

Voltage or Voltage or
current current

Hlﬂﬂ

ulse p-allﬂoﬂ mudufu.d cln{lr wave

T

PULSE MODULATION

PAM

PWM

PPM

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Concepts: Analog vs. Digital

mTo create an analog signal, the microcontroller uses
a technique called PWM. By varying the duty cycle,
we can mimic an “average” analog voltage.

Pulse Width Modulation (PWM)

" gogy !
Duty Cycle

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Project #2 - Fading
Introducing a new command...

analogWrite(pin, val); Pulse VWieth Modularicn
0% Duty Cycle  analogirite((s
o |

b

25% Duny Cyrle - analoginte(84)

pin - refers to the OUTPUT pin (limited :f “ n n n n

to pins 3, 5, 6, 9, 10, 11.) - denoted by 105 Duty Dy - an alogie(127)
a ~ symbol "
O
75% Duty Cyole - aralogifrite{191)
B
) Du
val - 8 bit value (0 - 255). P ——
. . ; ; i .
0=>0V | 255=>5V o | | ‘ |

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Move one of your LED pins over to
Pin 9

m In Arduino, open up:

File > Examples - 01.Basics - Fade

Fade | Arduino 1.0.5 = E

File Edit Sketch Tools Help

_

S -
Fade

This example 5hows|how to fade an LED on pin 9
using the analogWrite() function.

This example code is in the public domain.

*/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Fade - Code Review

Fade | Arduino 1.0.5 - DR
File Edit Sketch Tools Help

_

/* -
Facde

This example shows how to fade an LED on pin 9
using the analogWrite() function.

This example code is in the public domain.

*/
int led = 9; // the pin that the LED is attached to
int brightness = 0f // how bright the LED is

int fadeAmount 5; // how many points to fade the LED by

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Fade - Code Review

void setup() { -
// declare pin % to be an output:
pinMode (led, OQUTPUT):

// the loop routine runs over and over again forever:
void leoop() {

// =set the brightness of pin 9:

analogWrite {led, brightness);

// change the brightness for next time through the loop:
brightness = brightness + fadeAmount;

// reverse the direction of the fading at the ends of the fade:
if (brightness == || brightness == 255) {

fadeAmount = -fadeAmount ;
}
// wait for 30 milliseconds to see the dimming effect
cdelay(30):

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Project# 2 -- Fading

m Challenge 2a - Change the rate of the fading in and
out. There are at least two different ways to do
this - can you figure them out?

m Challenge 2b - Use 2 (or more) LEDs - so that one
fades in as the other one fades out.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

R G B
quor Mixing 111 )
Tri-color LED Lk p 4
m In the SIK, this is a standard - 810
Common Cathode LED .
m This means the negative side of the 9 ;
LED is all tied to Ground. cep 1 BLUE
TT—GREEN

1234

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Project 3 - RGB LED

Note: The longest
leg of the RGB LED
is the Common
Cathode. This goes
to GND.

Use pins 5, 6, & 9

Acknowledgment: This work is supported by National Science Foundation grant 1749566

How Many Unique Colors Can You

Create?
# of unique colors = 256 - 256- 256
= 16,777,216 colorsl
Colort0% Use Colorpicker.com or

experiment on your own.

".

H: 380

Pick out a few colors that you
want to try re-creating for a

s: e

b2 lamp or lighting display...
- Play around with this with the
analogWrite() command.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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RGB LED Color Mixing

int redPin = 5;
int greenPin = 6;
int bluePin = 9;

void setup()

{
pinMode(redPin, OUTPUT);
pinMode(greenPin, OUTPUT);
pinMode(bluePin, OUTPUT);
}

Acknowledgment: This work is supported by National Science Foundation grant 1749566

RGB LED Color Mixing

void loop()

{
analogWrite(redPin, 255);

analogWrite (greenPin, 255);
analogWrite (bluePin, 255);

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling the LED

Project: Mood Lamp 7 Light
Sculpture

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Controlling Motors

Arduino

\ =
Module e

Controlling Motors

Acknowledgment: This work is supported by National Science Foundation grant 1749566

About Motors

m There are several different types

m Standard DC motor - input current for full continuous
rotation. No special pins or wiring.

m Standard servomotor (AKA servos) - Motor capable of
limited rotation (generally 180°) in precise degree
increments. Uses Servo library in Arduino. Have 3+ pins.
Controlled by pulse-width modulation (*“~” pins)

m Continuous rotation servo - can go all the way around
continuously. Interprets PWM value as speed & dir.

m Stepper Motors - Servo capable of full rotation in small
steps. Uses Stepper library in Arduino. Have 3+ pins

m We are using a standard servo in this lesson.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Circuit 5A: Motor Basics

m [n this circuit you will learn the basic concepts behind motor
control. Motors require a lot of current, so you can’t drive
them directly from a digital pin on the RedBoard.

m Instead, you’ll use what is known as a motor controller or
motor driver board to power and spin the motor accordingly.

https://learn.sparkfun.com/tutorials/sparkfun-inventors-kit-experiment-quide---v40/circuit-5a-motor-basics

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Circuit Diagram:

fritzing

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling

Motors

r* Serial Monitor
SparkFun Inventor’s Kit
Circuit 5A - Motor Basics

Learn how to control one motor with the motor driver.
*/

//PIN VARIABLES
//the motor will be controlled by the motor A pins on the motor driver

const int AIN1 = 13; //control pin 1 on the motor driver for the right
motor

const int AIN2 = 12; //control pin 2 on the motor driver for the right
motor

const int PWMA = 11; //speed control pin on the motor driver for

the right motor
int switchPin = 7; //switch to turn the robot on and off

//VARIABLES
int motorSpeed = 0; //starting speed for the motor

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Open Serial Monitor

void setup() {
pinMode(switchPin, INPUT_PULLUP); //set this as a pullup to sense
whether the switch is flipped

//set the motor contro pins as outputs
pinMode(AIN1, QUTPUT);
pinMode(AIN2, QUTPUT);
pinMode(PWMA, OUTPUT);

Serial.begin(9600); //begin serial communication with the computer

Serial.printin("Enter motor speed (0-255)... ");
//Prompt to get input in the serial monitor.

Serial Manitar

~

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Enter Motor Speed 0 - 255 |!

void loop() {

if (Serial.available() > 0){ //if the user has entered something in the serial
monitor

motorSpeed = Serial.parselnt();  //set the motor speed equal to the number in
the serial message

Serial.print("Motor Speed: "); //print the speed that the motor is set to run

at
Serial.printin(motorSpeed);
}
if(digitalRead(7) == LOW){ //if the switch is on...
spinMotor(motorSpeed);
} else{ //if the switch is off...
spinMotor(0); //turn the motor off
}
} Acknowledgment: This work is supported by National Science Foundation grant 1749566
/ /
void spinMotor(int motorSpeed) //function for driving the right motor
if (motorSpeed > 0) //if the motor should drive forward
(positive speed)
{
digitalWrite(AIN1, HIGH); //set pin 1 to high
digitalWrite(AIN2, LOW); //set pin 2 to low
else if (motorSpeed < 0) //if the motor should drive backwar

(negative speed)

digitalWrite(AIN1, LOW); //set pin 1 to low
digitalWrite(AIN2, HIGH); //set pin 2 to high

}

else //if the motor should stop
digitalWrite(AIN1, LOW); //set pin 1 to low
digitalWrite(AIN2, LOW); //set pin 2 to low

analogWrite(PWMA, abs(motorSpeed)); //now that the motor direction is set,
drive it at the entered speed

}

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Programming:
Conditional Statements if()

| _
[ -
/' (analogValue > threshold) { ’

v
JgitaWrite(ledPin, HIGH)}W

» |

h 4
lgital\Write(ledPin, LOW)}Aw 7

Acknowledgment: This work is supported by National Science Foundation grant 1749566

U

"

Servo Motors

m This little motor is high in efficiency and power

m Servo motors are small in size but are powerful
enough and are very energy-efficient.

m These features allow them to be used to
operate remote-controlled or radio-controlled
toy cars, robots and airplanes.

m Servo motors are also used in industrial "'ﬁ{_ﬁ'_g

applications, robotics, in-line manufacturing, e e
pharmaceutics and food services. '

-
Serv0 Cane | e

https://www.jameco.com/jameco/workshop/howitworks/how-servo-motors-work.html

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling Motors

Servo Motors - How does the it
work?

m The servo circuitry is built right
inside the motor unit and has a
positionable shaft, which s

usually is fitted with a gear. i ~

m The motor is controlled withan . &&= N
electric signal which Ouipit Sple..  Drive Gears
determines the amount of sovocus. 277

movement of the shaft.

https://www.jameco.com/jameco/workshop/howitworks/how-servo-motors-work.html

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Servo Motors - What is inside?

m A small DC motor, a
potentiometer, and a control
circuit. Con{ml[:in:ui.

m The motor is attached by gears to
the control wheel. As the motor . .coua -
rotates, the potentiometer's OUPUSPINe. Drive Gears
resistance changes, so the 5 & 7|

) A A emuCase-.\ A
control circuit can precisely '
regulate how much movement
there is and in which direction.

https://www.jameco.com/jameco/workshop/howitworks/how-servo-motors-work.html

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling Motors

How is a Servo Motor Controlled?

m When the shaft of the motor is at the
desired position, power supplied to
the motor is stopped.

m If not, the motor is turned in the
appropriate direction. Min Pulse °°@
m The desired position is sent via | | e gt ms o

electrical pulses through the signal

Neurat | [ [

Wire' | |PulsaW1mM.Ems
m The motor's speed is proportional to
the difference between its actual Maxpuise —| | L[ @’w
position and desired position. | e w2
m So if the motor is near the desired
position, it will turn slowly, otherwise
it will turn fast. This is called
proportional control.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

How Is Servo Controlled?
m Servos are controlled by sending an

electrical pulse of variable width, or pulse
width modulation (PWM), through the

control wire.
m There is a minimum pulse, a maximum
pulse, and a repetition rate. minpuse LTl °'©
= The PWM sent to the motor determines (=S -
position of the shaft, and based on the Neutral —ﬂ—“';? @

duration of the pulse sent via the control . o
wire; the rotor will turn to the desired Max Pulse —ﬂ:ﬂ— = O
position.

m The servo motor expects to see a pulse
every 20 milliseconds (ms) and the length
of the pulse will determine how far the
motor turns.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling Motors

Circuit 3A: Servo Motors

m Regular DC motors have two wires. When you hook the wires
up to power, the motor spins around and around.

m Servo Motors, on the other hand, have three wires: one for
power, one for ground and one for signal. When you send the
right signal through the signal wire, the servo will move to a
specific angle and stay there. Common servos rotate over a
range of 0° to 180°. The signal that is sent is a PWM signal,
the same used to control the RGB LED project.

https://learn.sparkfun.com/tutorials/sparkfun-inventors-kit-experiment-guide---v40/circuit-3a-servo-motors

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Connecting the Servo Motor:

(N

The servo wires are color coded to make hookup simple.
The pin-out is as follows:

White Signal - PWM In
Power (5V)
Ground (GND)

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling Motors

Circuit Diagram:

s sa
g "

saa

sesss e

sesaa

sene

sesaa
sesss sass

fritzing

Acknowledgment: This work is supported by National Science Foundation grant 1749566

/*SparkFun Inventor’s Kit

Circuit 3A-Servo

Move a servo attached to pin 9 so that it's

angle matches a potentitometer attached

to A0.*/

#include <Servo.h> //include the

servo library

int potPosition; //this variable will ~ Void loop() {

store the position of the .

potentiometer potPosition = analogRead(A0);

int servoPosition; //the servo will //use analog read  to measure the

move to this position position of the potentiometer (0-1023)

Servo myservo; //create a servo servoPosition = map(potPosition,

object 0,1023,20,160); //convert the

potentiometer number to a servo

void setup() { position from 20-160
myservo.attach(9); //tell the servo myservo.write(servoPosition);

object that its Servo is //move the servo to the 10 degree

plugged into pin 9 ;’03'“0“

} Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Controlling Motors

analogRead()

m Arduino uses a 10-bit A/D Converter:

This means that you get input values from 0 to
1023

ov->0

5V > 1023

For example:

int sensorValue = analogRead(A0)

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Controlling Multiple Motors

Arduino
Module

Controlling Multiple
Motors

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Using Servo Motors to Control the
Movement of Bio-Inspired Robots

+ Use servo Motors for positioning

#include <Servo.h>
Servo myservo;
void setup()
myservo.attach(9);
myservo.write(90); // set servo to Pulse Train for
mid-point . Range: 0 - 180 Theta = 30 degrees
}
void loop()
{
int theta = 30;

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Controlling Multiple Motors

Multi-Step Gait:
#include <Servo.h>
Servo myservo;

void setup() o

{

myservo.attach(9); -
myservo.write(90); // set servo to mid-point .

Desired response

w

}
void loop() 2es ot
{ -
int theta = 30;
delay(10000);
Actual response
theta = 60;
delay(10000);
theta = -30; [j—“
delay(10000); Ak
} Acknowledgment: This work is supported by National Science Foundation grant 1749566

Multi-Motor Gait:

#include <Servo.h>
Servo myservo1, myservoz;
void setup()
{
myservo1.attach(9);
myservo2.attach(10);
myservo1.write(90); // set servo to
mid-point.  myservo2.write(90); // set < L
servo to mid-point. 2% S >
} o1 b
void loop()
{
int theta1l = 60;
int theta2 = 30;
delay(2000);

theta2 = 60
delay(2000);

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Controlling Multiple Motors

References:

m Sparkfun Electronics - Intro to Arduino

m https://create.coloradovirtuallibrary.org/wp-
content/.../SparkFun/.../IntrotoArduino.ppt

= www. patarnott.com/atms360/Arduino/presentatio
ns/ArduinoPartl.ppt

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - 3D Printing

3D Printing

Module Content:

= 3D Printing Intro
= 3D Printing Technologies: FDM and PJ

Acknowledgment: This work is supported by National Science Foundation grant 1749566

@ |nvent 3D Printer

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - 3D Printing

Invent 3D Printer

Filament
Filament Tube
Guide

Printer
Head

Z-axis Limit
Screw (yellow)

Building
Platform

Spool and
Spool
Holder

Platform Screw
(blue)

Leveling Screws
(red)

Selection
Wheel

SD Card Slot

LCD Display

Invent 3D Printer

Left and
Right

Change default step to 1 mm, default is 100 mm > it
moves very fast!

- Z Axis is locket by default, unlock the Yellow Z axis screw

[Unclassified]

NSF Grant # 1749566
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Module - 3D Printing

Invent 3D Printer - Material

PLA - poly lactic acid

- Thermoplastic polymer - softens when heated
and hardens when cooled

- Made from renewable resources - corn starch
and sugarcane

- Biodegradable - turned into fertilizer by
microbes under the right conditions, and
must reach 140 degrees for 10 days, in order
to be composted.

Invent 3D Printer - Material

PLA - poly lactic acid

- Extruded at 225°C

- Characteristics similar to:

polypropylene (PP) - living hinges (cap in tic
tacs)

polyethylene (PE) - most common plastic
(bottles and plastic bags)

- Used in the Invent 3D Printer as both main

material and support material (break away)

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - 3D Printing

PLA - Properties

Melt Temperature

Typical Injection Molding
Temperature

Heat Deflection Temperature (HDT)
Tensile Strength

Flexural Strength
Specific Gravity

Shrink Rate

157 - 170 °C (315 - 338 °F)

178 - 240 °C (353 - 464 °F)

49 - 52 °C (121 - 126 °F) at 0.46 MPa
(66 PSI)

61 - 66 MPa (8840 - 9500 PSI)

48 - 110 MPa (6,950 - 16,000 PSI)
1.24

0.37 - 0.41% (0.0037 - 0.0041 in/in)

Let’s Send a Part to be
« 3D Printed

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/




Module - 3D Printing

3D Printing

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/




Module - 3D Printing

Terminology

Rapid Prototyping
(RP) Solid Freeform Fabrication

_ SFF
Addltlve( )
Manufacturing
Direct (AM) .
Digital 3D Printing
Manufacturi ng- Layered Fabrication

» Bottom-up fabrication approach
(DDM) + Distinct from subtractive manufacturing

Timeline

Selective Laser Sintering developed at UT Austin f
1st Commercial AM system: Stereolithography <—, —

(patented by Charles Hull) = LN B

Fused Deposition Modeling (FDM) system
commercially available (Scott Crump)
Metal Sintering system from EOS

3DP™ Process developed at MIT

-
Microstereolithography systems under %“A
& ]

«— =

1997 Wm=— Kdevelopment: mask-based, two-photon O
Metal AM systems under development £

- } . L
Full color 3D Printing <«— 1 ‘i}t

High performance SL materials commercially
available (DSM Somos: Prototool™)

2000

2003 . . . .
Commercial Microsintering system
SL models used in complex surgical cases
2004 Commercial Microstereolithography
2006 Fab@home Project (Cornell University) personal fabrication device
2007 First system under $10K from 3D Systems
2009 First commercially available 3D Printer in kit form

Functional prototypes, and production-
quality parts
- Aerospace - Automotive - Medical

Today [

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - 3D Printing

3D Printing Technologies Overview

Stereolithography

Photopolymer Laser Melting or
Jetting Selective Laser

Sintering

—

/
Binder Jetting | \
Fused Deposition
Electron Beam Modeling
Melting
Commonalities:

» Building Envelop (building platform)
» Layered Fabrication
» Bottom-up fabrication approach Many others

Overview of AM Technologies

Materials Technologies

Parts built through polymerization Parts built through Parts built through melting
bonding agent

a.. Q L

| (R @~ &>

Lower Durability Higher
Smoother Surface finish Rougher
Higher Detail Lower
Prototypes | Indirect processes Application Functional parts
additively corr

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - 3D Printing

STEREOLITHOGRAPHY LASER MELTING

'Loughborough

Uniyersity

PHOTOPOLYMER JETTING
(POLYJET) DISADVANTAGES

Does not work with

standard materials but
with UV-active

2 ﬁ":\* photopolymers which are
&/ not durable over time

= (thermoset)

~_-

Parts have limited

ADVANTAGES mechanical properties

Multiple materials can be
jetted together allowing multi-
material and multi-color parts

Functionally graded materials

are possible » 6. g}‘
Can achieve good accuracy and ' /

surface finishes

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - 3D Printing

APPLICATIONS

* Prototypes
» Casting patterns
* Tools for injection molding

https://youtu.be/Som3CddHfZE

PHOTOPOLYMER JETTING (POLYJET)

FUSED-DEPOSITION-MODELING
(FDM)

ADVANTAGES

« Parts have good mechanical
properties and are durable
over time.

in standard plastics.

4 Parts can be post-processed

4 Can build fully functional parts

DISADVANTAGES

+ Step structure on
surfaces

+ Fine details cannot be
realized

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - 3D Printing

FUSED DEPOSITION MODELING (FDM)

APPLICATIONS

* Prototypes
 Spare parts
* Small series parts

https://youtu.be/WHO6G67GJbM

Main Advantage of AM

m Reducing time for development of
new products

m Reducing manufacturing time

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module -

3D Printing

Main Disadvantage of AM

m Anisotropy in the z-direction (vertical
direction)

Anisotropy: Different
property of being g_ric:}pertlfs n
directionally rreren

dependent. directions.

Example: wood, its properties vary when
gauged with or against the grain.

AM in Construction

March, 2017

March, 2018

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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Module - 3D Printing

AM in the Olympics

www.3ders.org

30 printes and 30 printing news

s ) B § £
=d Winter Olympics: 3D printing helps France's greatest
Olympian scoop biathlon gold

Fab 22, 2028 | By Benadict

- intar Olyreoics, has Baan shasting
sl Tha (¥ vvas dwvalozmd by Athletics 30 =

Partin Foareade shists

Current State of AM

< AM for production quantities

Aerospace

Medical

Dentistry

AV ST T
¥ 3¢ invisalign

Great fit - production quantities are relatively
low but complexity and value are usually high

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - 3D Printing

Current State of AM

% Proliferation of
desktop printers

Under $5K with
average selling
price $1,055 - many
educational
institutions using
them for hands-on
learning

Current State of AM

< Large organizations are using AM for
production volumes:

JABIL H
(30% of parts could be 3D

printed in the future) SHESS ARMEEE
AIRBUS

G|
N ﬂ P P

LOCKHEED MARTIN
ASTON MARTIN

HONDA.  [=7°Y-14Ys] ¢

NSF Grant # 1749566
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Module - 3D Printing

Current State of AM

< Challenges:

Cost of industrial machines and materials for
production applications

Understanding design for additive
manufacturing (DfAM) in the current
workforce - less than 1% of practicing
engineers and designers have the appropriate
knowledge and skills

Postprocessing methods and automation
know-how

Current State of AM

< Challenges:

Future workforce development:

= Experience in 3D content creation, design
optimization, design and process analysis
simulation

= Serve in applications development, R&D, materials
science, process controls, part inspection, IT
software development, cloud services, materials
handling, and automation

Create quality education and training

programs in:

= Part-building

=AM machine operation and maintenance

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - 3D Printing

Want to know more?

Check the movie
W “print the Legend”

References

- Additively.com
Stratasys Education Open Curriculum Program
Available at:
http://www.stratasys.com/industries/educati
on/educators/curriculum/introduction-to-3d-
printing

- Wohlers Report 2017
sme.org/smartmfgseries 2016

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - 3D Printing

References to Videos

FDM and Polyjet
https://www.cnbc.com/video/2018/04/04/how-3-d-printing-is-

helping-to-transform-formula-one-racing.html

Stereolithography https://youtu.be/oNpAnBhglls

Laser Melting https://youtu.be/9ES5MfBAV tA?t=15s

Binder Jetting https://youtu.be/RNNXEoXuvuw

Photopolymer Jetting https://youtu.be/Som3CddHfZE

Fused Deposition Modeling https://youtu.be/WHO6G67GJbM

AM in Construction https://youtu.be/wCzS2FZoB-I

AM in Construction https://youtu.be/GUdnrtnjT50

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Introduction to CAD - Keychain

Activity

Module

Computer
Aided Design
(CAD)

Introduction to CAD
Keychain Activity

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Newport News Shipbuilding Launches
the Digital Shipyard

| Newport News
Shipbuilding

_ g Launching the digital shipyard -, ,

P »l o) ooDasza7

Newport News Shipbuilding launches the digital shipyard

https://www.youtube.com/watch?v=93za-vO ffs

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain

Activity

Digital twin: Making your asset
smarter with the digital twin <

—p—
e —

> » o) 115/239

Digital twin: Making your asset smarter with the digital twin

https://www.youtube.com/watch?v=8gerlwrAonM
Acknowledgment: This work is supported by National Science Foundation grant 1749566

More Autodesk Inventor Tutorials
Search for “MET 240 Tutorials”

B2 Chasals - part 1 Spacer Sade Mount Sppon Portoning
[ QR 2] Tt B vunee B e m
- - - - -.
R S
Mistchat Puste A8 Knwe Part Inctined upport Guide Blach

0L MET 388 Turtorialy - Machasical

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain
Activity

Objectives

m Create simple extruded solid model

m Understand feature interactions

m Create 2-D sketches

m Create and edit parametric dimensions
m Use the Part Browser

https://www.sdcpublications.com/Textbooks/Learning-Autodesk-Inventor-2018/1SBN/978-1-63057-131-3/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Sketch > Extrude > Fillet > Hole >
Text > Extrude Text

Text (sketch)  Extrude Text

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Introduction to CAD - Keychain

Activity

Start > Programs > Autodesk > Autodesk Inventor

New o Projects

Recent Documents

v o g 11

https://www.sdcpublications.com/Textbooks/Learning-Autodesk-Inventor-2018/1SBN/978-1-63057-131-3/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Autodesk Inventor Screen Layout

The Ribbon

Application menu

Quick Access toolbar |

am » B O Tieron oo L i
" h P s SIS -
s Feature Toolbar Panel

Graphics
Window

3D Indicator
b

| — e - —

Message or Single-line Help

https://www.sdcpublications.com/Textbooks/Learning-Autodesk-Inventor-2018/1SBN/978-1-63057-131-3/

https://www.autodesk.com/products/inventor/overview
Acknowledgment: This work is supported by National Science Foundation grant 1749566

Model
Browser

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/




Module - Introduction to CAD - Keychain

Activity

Create > New File > Metric >
Standard (mm).ipt

-~ Templates
English

Metric
9000
Sheet  Sheet  Standard Standard

Metal  Metal (DIMMipt {mmlipt
(DMINLipt (mamipt

¥ Par - Create 20 and 30 chjeds

v Assemitly — Assemble 20 and 30 components

% &H & & &

Mold  Mald  Standard Standard o yeie: milimetsr

Fibes () Standard (mmpt
Display Hame: Fart

o0 (DINLsar (mm).iam (ANSH Materiak Cenerc

ks

b & &H & A

Weldment Weldment Weldment Weldment Welc
(BSI.iam (DIN)iam (GBliam (50)liam (N5

Desgn
(DIN).iam
This templete creales o 20 o

30 cirject composed of features
and one or more bodies,

¥ Drawing - Create an anfetited docament

t’ . s o
am_bsidwg am_dindwg am_gb.dwg am_iso.dwg
- =N e N

s =

Acknowledgment: This work is supported by National Science Foundation grant 1749566

(7] Project Fila: | Projctiiama.ip) =

Save File

m Save file with the following name to your USB:
Initials_Keychain.ipt

30 Model

| File
@ Initials_Keychain @ GI "i;_“
}T_'-T- View: Master Start  Extrude Revob
2D Sketch
» [ origin e.g. Sketch
@ End of Part Model %
@ABC_Keyt:ham

i---r_'u- View: Master
)D Origin

(D End of Part

Acknowledgment: This work is supported by National Scielice Fuunuauun yrai L14vooo

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain

Activity

Sketch Plane

Sketch  Inspect

i ® &

}E»Anl c

A=

2D Sketch (5)

Creates a 2D sketch on a planar
a work plane on an assembly.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Mouse Buttons

Allows quick Pan
and Zoom.

Picks icons, menus,
and graphic entities.

Brings up additional available
options. Also used to accept the
default option of a command, or
end a process.

https://www.sdcpublications.com/Textbooks/Learning-Autodesk-Inventor-2018/ISBN/978-1-63057-131-3/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain

Activity

Tools > Application Options >
Sketch > Turn On Grid lines &
Coordinate System Indicator

6 @, Clear

3 @ Adjust
Material  Appearance

= -
i teop
.

nvironments IV
B2 Custor
Cy |
Application ocument N
Options  [Settings P Add-Ir
Options ~

Material and Appearance ~
B

| ceneral | save [ Fle | colors | Display | Hardware | Prompts | Drawing |

Notebook |  Sketch | part | Festre | assembly | cContentCenter |

|| 0 sketen
Constraint Settings Display
Dlctdves
Minor arid lines
Spline fit method .
s
® standard [l coardinate system indicator
© AutoCAD

() Minimum Energy - Default Tension Heads-Up Display

07 Enable Heads-Up Display (HUD)
0 w0

[F18nan tn arid

Acknowledgment: This work is supported by National Science Foundation grant 1749566

UCS and Grid are active - see below

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain
Activity

Creating Rough Sketches

m As the name implies, a rough sketch is
not precise at all.

m When sketching, we simply sketch the
geometry so that it closely resembles
the desired shape.

m Precise scale or lengths are not
needed.

m Create a sketch that is proportional to
the desired shape. Concentrate on the
shapes and forms of the design.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Draw the Rectangle

D-eHaa @r] P | QS Dsn - X @
Fillet = LA
B /AN 5 ¥*8% =L>o
sun | Une Cirde A\[ Rectangle |7 Project | 2 1 12 Dimengion BB L1 |
2Dskech” | T - T WA Peint Geometry” | -I- & (M e v
Sketch Create » Modify | Pattem Constrain
®
v #
rem
- T Viw: Master
&[] @rigin &
[E] skatena
L D end of Pect

& = W

Use USC (User coordinate system) to avoid unnecessary dimensions

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain

Activity

Add Dimensions

ASSud s,

e.g. 50 mm x 30 mm

Select Dimension >
Click on a line>
Click outside where
you want number to
appear

Finish Sketch o
Finish
Sketch

Exit

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Extrude

0. 03

g Bl - 33 m oy
KL TN AL Joeiomgl
- - - - B * louves DM e At ¥

Moty = Wt Feateet Pamen Surtace =

Hold Shift + press

- the middle mouse

key > 3D orbit

Extrude >

Select Rectangle
(Profile) >

Extents > Distance >
5mm

View > Visual Style >
Shaded with Edges

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Introduction to CAD - Keychain

Activity

Fillet

D@ B e G- Eeychain First_y. G 2 v O sgain o G

30 Modet =
B @& JBy & 3t vl - el

. e Bt sweep il " Wwre  [m | 3D Model >
M e Fillet >
Select four lines
in the corners >

4 mm

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Hole (Placement - Concentric,
Termination - Through All)

3D Model >

Hole > Placement >
Concentric >
Select a plane on
which you are
drilling a hole >
Select a concentric
reference (a fillet)
to match their axis >
Termination >
Through All >

e M e Diameter > 3 mm

«li cll oF o
] B [ ]| o

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Introduction to CAD - Keychain
Activity

MR e Kiperuain First.
T
g ofomove M im [ Seale
0% Copy - Ben [ Stwien

/O =
:Q,SI::(n' ©) Mot - 5ot Sy Ome | W

Une  Cice A Rectang

Taara

1. Ol B (1018

- .
W [E= G = | =
L) Satn

L LyDs

=]

5]
d anm= B | 5

Inert

DIECT i

Sketch >

Select a plane >
Create >

Text >

Select a location >
Change size to 15
mm >

Write text that is to
be engraved in a
keychain >

OK >

Left click and hold on
a text to adjust the
position >
Finish sketch

Finish
Sketch
Bxat

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Extrude > Text

Filel Shell Combise Dowct| P

0. g2 A

o B -
P @ @~
+ ves
Wk Featuers

3D Model >
Extrude >
Select text >
Change to Cut >

Extents >
Distance>
2.5mm >
OK

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Introduction to CAD - Keychain

Activity

Export > CAD Format > STL
. ) File name: |KeychamfF\rstnamefLastname stl
— '—EE> Save astype: | STLFiles (".stl)

= e Save file to o I
He o =i e SD Card o -

- allld " T e
L g You will o

T 5 Expert the the o DWG s Tt | High & Medham

B — | learn how to _, Ot

yoo | € SRl create @G smeowsn  oomn )

P Servee

3 h:ﬁm " (__4 ;j..anwr COde Normal Devigbion: 15 . J -

' F needed for o 0%

I' Properte. -

= | the printer e snan

k-:-}""" ' | in the Aspect Raba: 21500000 - m’;
Ly = following o o

vl ey w————— 00 (010 | ] [< Mot e s e
@ oo || conce "
Acknowledgment: This work is supported by National Science Foundation grant 1749566
References

m Autodesk (2018) Inventor Professional 2018 - CAD Software
https://www.autodesk.com/products/inventor/overview

m Shih, R.H. (2017) Learning Autodesk Inventor 2018 - Modeling,
Assembly and Analysis, ISBN: 978-1-63057-131-3, SDC
Publications
https://www.sdcpublications.com/Textbooks/Learning-
Autodesk-Inventor-2018/1SBN/978-1-63057-131-3/

m Jovanovic, Vukica (2017) Keychain Design
https://www.youtube.com/watch?v=s-Yud6-DbNc

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Text (sketch) Extrude Text




Module - Slicing — from CAD to G code

Module Content:
= Slicing - from CAD to G code

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Objectives

m Increase awareness
3D Printing
3D Printing Technologies

m Learn
How to convert a 3D design into G code
Slic3r software
Send a part to be 3D printed
Technological

Literacy

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

ACTIVITY

Introduction of Participants
= Name

= Are you familiar with 3D
printing? How?

AM Technologies You Will Learn

Photopolymer Jetting and Fused Deposition Modeling

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/




Module - Slicing — from CAD to G code

W Additive
Manufacturing
Technologies
You Will Use

3D Printing Technologies You Will Use

< Object 30 Prime
Materials - 8 options: four rigid opaque,
transparent, high-temperature, and two
simulated polypropylene options
Building Envelope -
11.8x7.8x5.91in
Layer thickness -
0.0011in - 0.0006in
0.028mm - 0.016mm (transparent

material)

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

Object 30 Prime
(Photopolymer Jetting - PJ)

3D PRINTER SPECIFICATIONS

Model Materials

Rigid Opaque (VeroWhitePlus™, VeroGray™, VeroBlue™, VeroBlackPlus™)
Transparent (RGD720 and VeroClear™)

Simulated Polypropylene (Rigur™ and Durus™)

High Temperature

Rubber-like (TangoGray™ and TangoBlack™)

Bio-compatible

Suppeort Material

SUP705 (WaterdJet removable)
SUP7086 (soluble)

Maximum Build Size (XYZ)

294 x 192 x 148.6 mm (11.57 x 7.55 x 5.85 in.)

System Size and Weight

82.5 x 62 x 59 cm (32.28 x 24.4 x 23.22 in.); 106 kg (234 Ibs)

Resolution

X-axis: 600 dpi; Y-axis: 600 dpi; Z-axis: 1600 dpi

Accuracy

0.1 mm (0.0039 in.) varies depending on part geometry, size, orientation,
material and post-processing method

Minimum Layer Thickness

28 microns (0.0011 in.) for Tango materials; 16 micrens (0.0006 in.) for all
other materials

Build Modes

Draft (36 micron); High Speed (28 micron); High Quality (16 micron)

Software

Objet Studio™ intuitive 3D printing software

Workstation Compatibility

Windows XP/Windows 7/Windows 8

Network Connectivity

Ethernet TCP/IP 10/100 base T

Operating Conditions

Temperature 18-25°C (64-77°F); relative humidity 30-70%

3D Printing Technologies You Will Use

Invent 3D Printer
(Fused Deposition Modeling - FDM)
Building Envelope -
8x8x12in
Layer thickness -
0.007 to 0.010 in

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - Slicing — from CAD to G code

Convert from .STL to .G

= @

3D model 2D slices Layered
Material
Deposition

STL ‘ G Instructions

Slic3r - Layer Preparation Software

m 3D Model input formats: STL, OBJ, AMF

m Output software: .G

&c LOU D ' ko SeiA S T e S

Instructions, Apps and Help
Teambp Moodle LMS

http://www.inventorcloud.net/installers/

==}
m imvenberdioud net D - % || {8 bdden Fuures - Fiendhia 7| i Eivie Lamrence « Old Bomnl. | £ FVENTORcloud | INVENT..

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

G Code

m The most widely used
numerical control (NC)
programming language «

G-code is a language in which 0 oL
people tell computerized
machine tools how to make '
something. ::>K.
The "how" is defined by : '
instructions on where to move,
how fast to move, and what path
to move.

m It is used mainly in computer-
aided manufacturing to
control automated machine
tools.

G Code - CNC & AM

m In a CNC, the cutting tool is moved
according to the instructions from the
G-code through a toolpath and cuts away
material to leave only the finished
workpiece

m The same concept also extends to
additive manufacturing, with the G-code
providing preparatory and in-process
commands, controlling the type of
motion to extrude material, and the
extrusion of material:

= rapid positioning

m linear feed

m circular feed

m what offset value to use

m X, Y, Z - Absolute or incremental position

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

Invent3D Printer

m Needs G code to print a 3D model

m Uses an SD card

G-code is transferred to printer with the
SD card

"/ Slic3r

G-code generator for 3D printers

Slic3r Software

m Download from:
http://www.inventorcloud.net/installers/

m Install:
Slic3r (new heads) for Windows (1.2.9 v3s8)

G-code generator for 3D printers

"" Slic3r

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

Using Slic3r
m Open Slic3r

Using Slic3r

m |In the Platter tab (default) -
go to Add (top left, under the Platter tab)

m Choose a .STL, .OBJ, or AMF file from your
computer. The 3D part will then appear on
the platter.

/*

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - Slicing — from CAD to G code

Using Slic3r

m The part (or object) is loaded into the «»
platter centered and, most likely, in the
best orientation.

Using Slic3r

m Under the object menu:

The part can be removed
from the platter

More copies of the part
can be added, or later
deleted
The part can be rotated,
flipped, scaled, cut, or
split

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - Slicing — from CAD to G code

Using Slic3r

m The part (or object) can be rotated to the
user’s best orientation.

1. The part should be = —
selected (green) ot Setngs | Prnts Setings

|4 Delete |[X Delesean | Amnge |33/ 201 s:.uT
2. On the Object tab,
rotate the part as needed

(this will depend on the
axis how the part was
designed or read by Slic3r)

20

Using Slic3r

m The part (or object) can be rotated to the «»
user’s best orientation.

§ sk

File  Plater Windew  Help

Fater | Prin

G Add

3. On the Object tab,

rotate or flip the part as
needed (this will depend
on the axis how the part
was designed or read by Epont it 0 ST
Slic3r)

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Using Slic3r

m The part (or object) can be rotated to the
user’s best orientation.

Printing time.
Others??

The load, force, or stress
that it will support, the fit
of external features
(shrinkage) versus the
layered orientation.

Support material.

Using Slic3r

m Depending on how the part

sometimes parts must be
scaled to be printed with the
right dimensions.

m The platter size is set at 200 x
200 - this is a default value (do
NOT change)

Printer Settings -—> General --> Bed
size
This is in mm or ~ 8 x 8 inches

m When scaling, note that each square

in the plater is 10 x 10 mm or
approximately % inch (0.4 x 0.4in)

mm > 1000% in > 2400%

was designed (inches or mm), ===

22

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Using Slic3r

m In the four tabs a the
bottom left, the part can
be seen from different
perspectives:

‘ ElN] 20 Preview | Layers

3D (default - close to a solid
part)

2D (top view - not much
information, area it occupies
and position in platter)

Preview (layered view)
Layers (each individual layer)

Using Slic3r - Terminology

m Shells - perimeters or outlines

Vertical - Default: 3 - outline of
the part

Horizontal - Default: 5 - bottom
and top layers which are created
with a “solid” or very close infill

m Infill - center section of a part
Density - Default: 20%
Pattern - Default: Rectilinear 45°

Other options: honeycomb,
concentric, spiral, etc.

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing —

from CAD to G code

Using Slic3r - Terminology

m Skirt - outline where the
part to be printed fits

attached to platform

USE WHEN PRINTING PARTS Skirt
WITH A SMALL SURFACE AREA
avoid detachment from

) : . Vertical

platform during fabrication shell

USE to avoid warping Infill
(honeycomb)

DO NOT CHANGE - use to check (e e e e

calibration of printer Ewmw - e
m Brim - edge attached to /=% .

the part to increase area o

Using Slic3r - Terminology

m Support Material - used in parts with overhanging or <N
bridged features —

m Other parameters - do not change, leave as default

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Slic3r - Going through the layers

Layers tab - each

Top view in the preview individual layer can be

tab - layers underneath ~ seen (path the extruding
are noticeable head will follow to create

the part)

Slic3r - Going through the layers

o«

Layers tab - each

Top view in the preview individual layer can be

tab - layers underneath ~ seen (path the extruding
are noticeable head will follow to create

the part)

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/



Module - Slicing — from CAD to G code

Slic3r - Modifying Support
Structures

m On occasion, it would be R e
best to modify the support == == 0
structures to improve post- == - L
processing ST e -

Save time =T i

m Trial-and-error process

IMPORTANT - to inspect the
layers prior to print

Slic3r - Modifying Support
Structures

Default Settings

1. On the
Print
Settings tab

2. Select
Support
Material

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Slic3r - Modifying Support

“solid” layer

Options for support material and raft

Centact Z distance 0.2 (detachable) +

4. On the .
Interface Patis spacing: 3
Patten \attem angle: 0
Spacing use | i
0p2 g |  Interface pattern spacing; 0
.2mm Don't support bridges:

Good “guesstimate”

% Siicir - r
File Plater Object Window Help
Print Settings | Filament Settings | Printer Settings
3 Onth (IVENT3D 3 modified =|FHS  suppor motere
. On the = =
I f ; Layersand penmeters Generate support material:
nterface o ;
e Overhang threshold: 0
Layers use L5l Support material Enforce support for the first: 0 = fayers
& Speed
1, so there |2 ¥
i Raft
is only one 7 _
Raft layers: 0 = ayers

mm

Print at the Same Time

m On occasion, it would be best

Slic3r - Sending Several Parts to

to have several different parts
printed at the same time
If several parts fit on the platform,

this can be added using the Add
command (top left)

If the part need to be scaled,
rotated, or increase copies, make
sure it is selected (green color,
mouse click)

m Then it is saved to be
transferred to the printer

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Slic3r - Exporting the .G code

m Once the desired settings Nave  [pimsng % mevmo
been Changed, the |ayered part Filament.  INVENT3D

33

m Save on your computer and/or
SD card to be transferred to the
printer

- Printer: (& INVENT3D
is _exp(()jrted as .G code to be FRE I (e
prlnte Name Cop... Scale

On the top right, click on Export G- | reerrousstren- 1 o

code

Slic3r - Exporting the .G code

m Make sure the G code was exported

In progress - Exporting

Completion Bar

NSF Grant # 1749566
https://sites.wp.odu.edu/oduvetmaker/
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Module - Slicing — from CAD to G code

Slic3r - Exporting the .G code

m Make sure the G code was exported

T T

G-dagle file exported to C:\Userlkarcaute\ Desktop\TO PRINT\DuncansAnchor.g

Exported directory

Sending a Design to be Printed

Make sure you have the G code of the design in the SD
card and the printer is leveled and ready to print

m Printer will be leveled

Send the part to print
Select PREPARE > Print from SD card > FILENAME

m The temperature reading will indicate the temperature in

the print head (warming up) and the temperature for

extruding (220°C)
m The fan will turn on at ~50°C (if not, cancel print job) —»_
m Once the temperature stabilizes at 220°C the printer will

go to AUTOHOME, and extrude some material before

starting the print

Be ready to check the skirt (outline) to make sure it is
continuous and well attached to the platform

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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Module - Parametric Modeling
Fundamentals - Tiger Head

Module

Computer
Aided Design
(CAD)

Parametric Modeling Fundamentals

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Objectives

m Introduce participants into Feature-Based Parametric
Modeling design methodology

m Setup correct units and sketch options

m Review user interface & mouse buttons

m Understand Autodesk Inventor screen layout

https://www.sdcpublications.com/Textbooks/Learning-Autodesk-Inventor-2018/1SBN/978-1-63057-131-3/

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Introduction

m Parametric

Geometric definitions of designs can be varied at any
time in the design process:

m E.g. dimensions

m Parametric modeling

identifying and creating the key features of the design
with the aid of computer software.

m Feature-based parametric modeling
Build a part from features
m E.g. Extrusion, Hole, Fillet, etc.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Feature-Based Parametric Modeling

Parametric part modeling process steps:

m Create a rough 2D sketch for the base feature

m Apply/modify constraints and dimensions

m Extrude, revolve, or sweep 2D sketch to create the
base solid feature

m Add additional parametric features by identifying
feature relations

m Perform analyses and refine the design

m Create the desired drawing to document the design

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Lizard Leg Design

Acknowledgment: This work is supported by National Science Foundation grant 1749566

2D Engineering Drawing

PP -
B g il
i —
¢ /
Ra00
SECTION A-A
SCALE3:1 X 1672018 Ok Deminion Universty.
i _—
s hmu
. wang 05/ /2018 gy = LS
Bl
i !-Jll hT!IbI

T

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Sketch Plane - Select XY Plane

Ig« SI — @ Swe @Tgerjead
i; > 5= View: Master

e = R U Loft [ origin

2D Skg 2D Sketch (5)

Sketq Creates a 20 sketch on a planar
a work plane on an assembly.

L. & Center Paint

O End of Part

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Creating Rough Sketches

m Simply sketch the geometry so that it closely
resembles the desired shape
m Precise scale or lengths are not needed
m Dimension the first line so it is easier to scale later
m Sketches will be finalized by adding
Dimensions
Constraints

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Sketches

Keep the sketches simple

General Guidelines for Creating

Create a sketch that is proportional to the desired shape
Concentrate on the shapes and forms of the design

Leave out small geometry features

Exaggerate the geometric features of the desired shape
Draw the geometry so that it does not overlap

Form a closed region so that it can be extruded later

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Creating Rough Sketch

.

es

U

1S

~
5,

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Geometric Constraint Symbols

| k Vertical indicates a line is vertical
Hoerizontal indicates a line is horizontal
=
- - Dashed line indicates the alignment 15 to the center point or

endpoint of an entity

Parallel indicates a line is parallel to other entities

Perpendicular  indicates a line is perpendicular to other entities

) RN 7

- . Coincident indicates the cursor is at the endpeint of an entity
Concentric indicates the cursor is at the center of an entity
O Tangent indicates the cursor is at tangency peints to curves

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Add Dimensions and Constraints

7.5

5 43.5

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Create a Solid Feature - Extrude

30 Model —

| Seiids
Z 8 [
Start Extrude Revolve -
20 Sketch” | @ E

Sketch
e ———)

Acknowledgment. 1 1io wuin 1o suppurteu my YGLIVTIGE GUICTIUG | UUTIAGRLIVT Y 4 ooy

Dynamic Viewing Functions

Steering

Wheel
‘ Zoom I.\

Zoom &1l |

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Add Fillets

FREEEGE

File 3D Model GG

@ T @ SWEE‘P Embuss &5 Decal

St Bt Revolve U Loft [a Derive a Import

@ @ Chamfer % Thread

Shell @3 Combine

Hole

2D Sketch B il & Rib B Draft &2 Thicken/ Offset
Sketch Create Modify
1
Fillet ; Fillett »

Select 4 edges (Radius is 2 mm)

@ 9 Cosstact (9 vanstle @ Setbacks
T Salecs

| || e -
(EETTT N T -

]

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Profile

Add a Cut Feature 2.5

15.1

Extents > All

Extrude : Extrusion2

i Shape  More
— Extents
' L%_I Frofile a
L Solits @
o 8| |»[&]x b
=} I .’I
@ - 6 Match shape b

B Ber  [or [ o
= A

Removing material

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Add a Hole Feature

3D Model S0

@ ‘I @ eep boss C Decal

Hole F

- Bt Revolie G Loft Eﬂ Derive E"] Import
2D Sketch ~ B ol [ rib

Hole : Holel

Drll Point.
CROT

|®li| Off OBf OFf  DOeunesan
L] Come ]

=l o

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Add Another Extruded Feature

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Feature : Extrude > Remove (Cut)

Cut depth 1.6 mm

Extents.

B e B (e 7
] s [pfmm >
ot 8| (n[Exix

g S Match ap
[} [ o Cancel
A

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Feature > Circular Pattern

l @ @ sweep %) emboss B Decal @ &) cramter B Theead . g?&lrt

Hion  [FhDerve 8 impon

Had - 52
@) snell & Combine [# Direct @ @ % Point + (G

Start Extrude Revolve Hole Fillet Shape Plane s
2D Sketch B i &R Oraft & Thicken/ Offcer E Detete Face  Generator = o ucs &
Sketch Crents Modify = Explone Work Features Pattern

x

Circular Pattem : Circutar Patternl

o

ks

Placement ‘Orientation
S 5], | ===
oLm g > ‘:'

¥ | Base Foint
I s

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Parametric Modeling
Fundamentals - Tiger Head

Finished Parametric Part

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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Module - Intro to CAD - Assembly Modeling
and Motion Analysis

Module

Computer
Aided Design
(CAD)

Assembly Modeling and Motion Analysis

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Assembly Modeling and Motion
Analysis

m Understand the Assembly Modeling Methodology

m Understand and Utilize Assembly Constraints

m Understand the Autodesk Inventor DOF Display

m Utilize the Autodesk Inventor Drive Constraint Option

m Record Animation Movies

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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Module - Intro to CAD -

and Motion Analysis

Assembly Modeling

Introduction

m To assemble parts into an assembly, we will need to
consider the assembly relationships between parts.

m |t is a good practice to assemble parts based on the
way they would be assembled in the actual
manufacturing process.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Degrees of Freedom and
Constraints

m Each component in an assembly has six degrees of freedom
(DOF), or ways in which rigid 3D bodies can move: movement
along the X, Y, and Z axes (translational freedom), plus
rotation around the X, Y, and Z axes (rotational freedom).

m Translational DOFs allow the part to move in the direction of
the specified vector. Rotational DOFs allow the part to turn

about the specified axis. TranslationalDO_F'\
/ Rotational DOF
E-=T & AR
File Assemble  Simplify  Design
I: @ Center of Gravity '
s
Object o Degreeiof Freedom Visual Sty
Visibility” @) iMate
o Degrees of Freedom (Ct]
Visibility | X
Dicnlar anicon that o

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Assembly Constraints

m To assemble components into an assembly, we need to establish the
assembly relationships between components.

m |t is a good practice to assemble components the way they would be
assembled in the actual manufacturing process.

m Assembly constraints create a parent/child relationship that allows
us to capture the design intent of the assembly.

m Because the component that we are placing actually becomes a child
to the already assembled components, we must use caution when
choosing constraint types and references to make sure they reflect

i TANGENT

the intent. /ICONSTRAINT
MATE [ Symmetry

CONSTRAINT Type CONSTRAINT

ANGLE INSERT
CONSTRAINT CONSTRAINT

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Constrained Move

m To see how well a component is constrained, we can perform
a constrained move.

m A constrained move is done by dragging the component in the
graphics window with the left-mouse-button.

m A constrained move will honor previously applied assembly
constraints.

m That is, the selected component and parts constrained to the
component move together in their constrained positions. A
grounded component remains grounded during the move.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Subassembly

m We should also consider breaking down the assembly
into smaller subassemblies, which helps the
management of parts.

m In Autodesk Inventor, a subassembly is treated the
same way as a single part during assembling.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Motion Analysis

m Motion analysis can also be performed to visually
confirm the proper assembly of the designs, also to
check for any interference between mating parts
and any other potential problems.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Drive Constraint Tool

| i
m In Autodesk Inventor, ey

several options are available [
to perform motion analysis,
for example, the Dynamic
Simulation module, the
Inventor Studio module and
the Drive Constraint tool.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Drive Constraint Tool

m The Drive Constraint tool provides a relatively
simple motion analysis that can be done in a matter
of seconds.

Dirive (Angle:3) x
Angle [ 415} Pessition = (208 deg)

Start End Pause Delay

45.00 deg 3 | | 410.00 deg 5 | |0.0008

Dle s wunm
@ []rnimize diniog during recording

@) ox Cancel 5>

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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and Motion Analysis

The Lizard Assembly

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Create New Assembly (Metric)

¥ Part = Create 20 and 30 objects

Mold Design @ @ @

Sheet  Sheet Standard Standard
Metal  Metal (DINLpt (mmbipt
(DANLipt (mm)ipt

=1}

Assemible 20 ond 30 componen |
Saaantayz S o L'| ez By seandand (men)inm

%%%mﬁmmw

Mald Mold  Standard Standand W I
Design  Design  (DINJLam (mm)am e This template creates &
(DIM)jam (mm)iam collection of precteely aligned

S H B o

[ESI)l.ml (DIMLiam  (GEliam [I!x()] BT

T Drawvng — Crasts an annotated document

& & @ @
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Module - Intro to CAD - Assembly Modeling
and Motion Analysis

Placing the First Component

m The first component placed in an assembly should
be a fundamental part or subassembly.

Assemble

& T

Place Create

=

Component « Position
Model x

Assembly | Modeling

% Assembly1
D Relationships
> Representations

Puma e L ek )
3 -1 origin Lot S Acsadesk Fnveetor201B (1218117000008}

Flaname  [Bodyst

Fisnoiype  Component Fies (58 " aem)

o [ By = LA

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Placing the first Component

m The origin of the first component is aligned to the
origin of the assembly coordinates and the part is
grounded (all degrees of freedom are removed).

g Assembly1
D Relationships

) Representations
) D Qrigin

) @ Body:1

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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and Motion Analysis

All Other Parts Will Be Constrained

In Relation to the First Component

m The first component in
an assembly file sets
the orientation of all

subsequent parts and
subassemblies.

Constraint # 1

Two planes - Flush

Acknowledgment: This work is supported by National Science Foundation grant 1749566

All Other Components are
Constrained In Relation to The First
Component

m The rest of the assembly is built on the first component,
the base component. In most cases, this base
component should be one that is not likely to be
removed and preferably a non-moving part in the design.

m Note that there is no distinction in an assembly
between components; the first component we place is
usually considered as the base component because it is
usually a fundamental component to which others are
constrained.

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/




Module - Intro to CAD -

and Motion Analysis

Assembly Modeling

Placing the Second Component

Constraint # 2

Align two axes

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Placing the Second Component

Constraint # 3 Pice Corstans

£lajalm o] ke Eloe

Angle = 0 degrees  ° o
(parallel) [s0e5s RHERE

& & Cor

i1} oK Cancal e
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Repeat for Other 3 Motors

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Placing the Third Component - Horn

Constraint # 1 -
Two planes - Flush

=
| Place Constraint x

| Assembly Motion Transtional Consiraint Set

Salections

Type
[Fsalala] [&]k:] oo

Offset: Soluton
e ’
& e

|
(k] oK Cancel
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and Motion Analysis

Placing the Third Component - Horn

Constraint # 2 -
Mate - Align Axis

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Third One Should Be Free
Servo Motor Movement

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Do the Same for 3 More Horns

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Add Upper Part

Constraint # 1 -
Two planes - Flush

Constraint # 2 - |[Constraint # 3 -
Mate - Align Axis ||Unconstrained

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Add 3 More Upper Parts

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Position 4 Horns On Upper Parts

Constraint # 1 -
Two planes - Flush

Constraint # 2 - |[Constraint # 3 -
Mate - Align Axis ||Unconstrained

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Position Motors at Upper Parts

Constraint # 1 -
Two planes - Flush

Constraint # 2 - ||Constraint # 3 -
Mate - Align Axis |[[Angle =0

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Add Part Named Fore

Constraint # 1 -
Two planes - Flush

Constraint # 2 - ||Constraint # 3 -
Mate - Align Axis [|Flush Planes

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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14



Module - Intro to CAD - Assembly Modeling
and Motion Analysis

Add 3 Other Fore Parts

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Add Support Part

Constraint # 1 -
Two planes - Flush

Constraint # 2 - ||Constraint # 3 -
Mate - Align Axis ||Mate - Align Axis

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

Add Constraint Angle Between
Motors and Upper Parts

Place Constraint x

hssambly Motien Tronskional Constraint Set

Type Selections
FElam= EEEoe

Angle: Soution

[3d > @ m;‘ %

&gt Cer

@ x| | [ ] - [

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Motion Analysis
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Analyze angles

How will we
code servos?

Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/

16



Module - Intro to CAD - Assembly Modeling

and Motion Analysis

Record a Video

Drive (Angie13)
nngee [483) Fustion = [-108 deg)

| s = Pause Daey
L] 3| [ 3| 0800y

{1 LA WM W

@ [ Mmeze daiog durng reconsing
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Save the Video

Acknowledgment: This work is supported by National Science Foundation grant 1749566
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and Motion Analysis

Newport News Shipbuilding Launches
the Digital Shipyard

| Newport News
| Shipbuilding

; ﬁ Launching the digital shipyard ,

P »l o) ooDasza7

Newport News Shipbuilding launches the digital shipyard

https://www.youtube.com/watch?v=93za-vO ffs

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Digital twin: Making your asset
smarter with the digital twin

> » o) 115/239

Digital twin: Making your asset smarter with the digital twin

https://www.youtube.com/watch?v=8gerlwrAonM
Acknowledgment: This work is supported by National Science Foundation grant 1749566

NSF Grant # 1749566
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and Motion Analysis

More Autodesk Inventor Tutorials
Search for “MET 240 Tutorials”

-I
Fiod Side

Cuide Block

Comer Sisp MET 24 Tusseials - Final Assembly - Angle Suppar ch T
Part#4 - Wrong Assembly

new B vemes B veme B rwre B vemas o]
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— T

B2 Chasals - part 1

@ B vomer Rl et o] o)
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Module - Assembly of Lizard-like four

legged robot

Module

Assembly of
Bio-inspired
Robot

Assembly of Lizard-like
four legged robot

Acknowledgment: This work is supported by National Science Foundation grant 1749566

Assembly Steps

mAttach four servo motors to the main body
mAttach servo horns to all eight legs
mAttach servo motors to upper legs

mRun calibration code for each motor
mAttach legs to servo motors

NSF Grant # 1749566

https://sites.wp.odu.edu/oduvetmaker/
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legged robot

Assembly Images

[ osos |
00AgSa

Electrical Circuit Schematic
W

GND (BLACK)
POSITIVE (RED) N
SIGNAL (WHITE)
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Electrical Wiring

NSF Grant # 1749566
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