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PHYSICAL COMPUTING

& ROBOTICS

1. MECHANICAL MOTION

2. ACTUATION with hardware

3. SIMPLE MACHINES

4. SOFTWARE LIBRARIES




. MECHANICAL MOTION

1. Types ot Motion



. TYPES OF MOTION

1. Linear

2. circular (around an axis)

3. oscillation or periodic motion
4. vibration [reciprocating]

5. random [Brownian]



LINEAR

One dimensional: Motion along a straight line

A. uniform (constant velocity, no acceleration)
B. variable velocity
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LINEAR

ELBOW
KNEE

Anatomy of the Arm

\ Humerus
, Carpal Bones

:

! Metacarpal Bones

Phalanges




CIRCULAR

Around a fixed axis, or on a circular path

A. uniform (constant velocity, no acceleration)
B. variable velocity




BALL IN SOCKET

SHOULDER
HIP




ROTATION

Supination




OSCILLATON

Periodic : back and forth at regular intervals
Reciprocation : repetitive back and forh




VIBRATION

movement around one equilibrium point




RANDOM

Random moving of particles suspended in a fluid




2. HARDWARE ACTUATION

A. Actuators to create motion

-with motors:
- servos, steppers, DC

-without motors
- alr, muscle wire

B. Converting Motion

- cranks, cams, linkages



2. ACTUATORS

servo motors (continuous or ~180)
linear actuators

stepper motors

dc motors (w/ encoders)

motorless (muscle wire, air)




MOTORLESS MOTION

Fluid Pressure
Hydraulics
Pneumatics

"Artificial Muscle”
Memory Alloy
Nitinol wire
Polymers



LOW POWER ROBOT
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SEARCH Customer Care 1-800-831-4242
ELECTRONICS Advanced Search

HOME ; PRODUCTS \ ORDERING CATALOG WORKSHOP

()

ABOUT US

You are here: Home >> Wire & Cable >> Bulk Wire >> Flexible

A
NITINOL WIRE 500 UM 1 METER

Jameco Part no. 357798 $1 6.95

Manufacturer MONDOTRONICS

# of Unit Price
Manufacturer no. 3-401

1+ $16.95
5+ $15.49

75 Catalog 131, page 164 :

Availability: Ship today

™ Data Sheet (current) [613 KB ] + Add to my favorites

View Larger Image Quantity |1 ¥i# ADD TO CART
Image is representative only
MONDO+TRONICS

Overview Specifications Related Products

- . RELATED PRODUCTS
Nitinol Shape Memory Alloy Wire

MW PROJECT BOOK & SAMPLE
KIT,MUSCLE WIRE

Untrained, as-drawn Ni-Ti wire in various sizes, cross sections and temperatures. Form and anneal to your own
shapes for springs, thermal actuators, "memory wire" magic tricks, etc. Use with Actuator Design Manual.

e 500um
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CONVERTING MOTION

Cranks

Cams
Linkages




Rotary to oscillating motion




ne cam turns and the cam
ower moves up and down




LINKAGES

Connection between units, at a joint







6 SIMPLE MACHINES

1. Gears

2. Pulleys

3. Levers

4. Wheels

5. Screws

6. Inclined Planes



Spur Gears
Worm Gears
Rack and Pinion




Wheel on an axel supports movement of a
cable




1st class lever:

2nd class lever:




Rotation around the axel




INCLINED PLANES

Mechanical advantage = length/height




Special type of inclined plane around interior
shaft

e






3. SOFTWARE

Types ot Algorithms for motion:

-Oscillation
-sine waves

-frequency, period, amplitude, wavelength
-Inverse Kinematics



github.com/gabriella/exploringBiomimicry



MOTIONS IN CODE

Sine wave
Inverse Kinematics



SINE WAVE

y = A * sin(b)

A = amplitude of the wave

b = period (cycles between 0 and 360 degrees
(2P1) )



SINE WAVE



y = sin(x) '“
y = sin(2x) '
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SINE WAVE

y = A * sin(b)
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INVERSE KINEMATICS



INVERSE KINEMATICS




INVERSE KINEMATICS




INVERSE KINEMATICS

some code






RESOURCES

Stores

Tutorials

Repositories



TUTORIALS

learn.sparkfun.com/tutorials

learn.adafruit.com

instructables.com

Making Things Move, by Dustyn Roberts
makingthingsmove.com



http://learn.adafruit.com
http://instructables.com
http://makingthingsmove.com

© OO /EFlepistrop x | P MegaPr x | Muuesday x | [FJP "Gt x | () Corpusc x | BgBasic Cc x % [ Google x '« Elrobotst x | ¥ Motors

- C £ https://learn.sparkfun.com/tutorials/motors-and-selecting-the-right-one B ® 23 - O

k? Hello, gabriellal
Spar un m Your Account «

EDU Blog Resources Tutorials Classes Calendar Workshops

Motors and Selecting the Right One

Introduction

At any given moment, you are near at least one or two types of motors. From the vibration motor in your cell phone, to the fans What Makes A Motor Move?

and CD drive in your favorite gaming system, motors are all around us. Motors provide a way for our devices to interact with

. . i .. . . DC Brush Motors - The Classic
us and the environment. With a myriad of applications for motors, the design and operation of them can vary. S l ’

Brushless Motors - MORE POWER!
Stepper Motors - Simply Precise
Linear Motors - The Future!!!

Resources and Going Further

Discussion (1)
Feedback
Share

Single Page

Print

:
A
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# Robotics - SparkFun Elec

learn.adafruit.com

*adafruit learning system

This incredibly small stereo amplifier s
surprsingly powerful. It is able to delver 2 x
2.8W channels into 4 ohm impedance
speakers (@ 10% THD) and it has a 2¢
control interface as well as an AGC
(automatic gain control) system to keep

your audio from clipping or distorting

Low Power WiFi Datalogdh,

Log sensor data with an Arduino and

CC3000 for days on batteries!

Learn how to measure and reduce the
power consumption of an Arduino and

CC3000 datalogger project.

Trellis Python Library ‘
Use the Adafruit Trellis with a Beaglebone
Black or Raspberry Pil

' A 21
s |

» Motors and Selecting the

Whether you mount it on your wal, stand it
on your desk, or wear it around your neck
this NeoPixel ring clock will keep your time
fresher than the crisper drawer

3D Printed Google Glass ¢
Adapter
A 3d printed plastic adapter turns any

frame into prescription google glasses

Upgrade your google glass with your own

frames using a 3d printed adapter.

Adafruit Qualia High Res
Displayport Desktop

PRCERERRRRRERE
E——— -

¥ Robotics : Adafruit Indus!

ave you ever torgotten 1o Close your
garage door and remembered to shut it
after it was to00 late? In this wtorial | will
show you how to open and close your
garage door over the internet using a
Raspberry P, relay, and Web |10 Pi.

Adafruit AGC Electret
Microphone Amplifier -
MAX9814

Add a super-hearing microphone amplifier

our automatic gain is your gain!

This fancy microphone amplifier module is a
step above the rest, with built in automatc
gain control. The AGC in the amplifier means
that nearby ‘loud’ socunds will be queted so
they don't cverwhelm & 'clip' the amplifier,
and even quiet, far-away sounds wil be
amplfied. This amplifier is great for when
you want to record or detect audio in a
setting where levels change and you don't
want to have 1o tweak the amplfier gain all

the time.

Bluefruit "BlueFoot"

nMafruit Learning System

Transform a pai of desktop speakers, two
servos, and a handful of 3D printed parts nto
a fully functional animatronic robot head

Secret Knock Activated
Drawer Lock

Unlock a drawer by knocking a secret pattern.




800 " epistrc > @ Mega | x ' Minbox  x P " X OCorpl, > Basic x | kK Googlc x |\ Elrobots x | EJlinxmc x roboti

o = www.instructables.com/tag/type-id/?sort=none&qg=robotic+snake+sneel Q @ a

5 . |

d B instructables Explore~ Create~ Contests~ Community ~
*00
—

TechShop 123D

Letls Make robotic snake snee

Robot Snake

- Rt

gabnellalevine OOLS 122y Link WOOLS
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800 Fd epistre x @ Mega ' x | Minbox ' > P X OCorpl. > Basio » x { k3 Googlc x | Elrobots > Fd linxme > Resou

H$ O 3 - lQbE

= www.makingthingsmove.com/resources/

Making Things Move

by Dustyn Roberts — A blog about my book and all things related

About the Author About the Book Resources Translations Contact

Use the drop down menu under Resources to find all the links and files that support Order the DOOK!

this book, organized by chapter. You’ll find CAD files for laser cutting and 3D printing,

pictures, and video clips of each of the projects. In general, if you search for
dustynrobots just about anywhere (flickr, thingiverse, Ponoko, etc.) you'll find me and

links to these files.

BARNES &-NOBLE
BORDERS

amazonca
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GEARS AND LINKAGES

507 Mechanical Movements
(http://507movements.com/index03.html)

KMODDL (http://kmoddl.library.cornell.edu/bib.php)

FLYING PIG / ROBIVES (robives.com/mechs)



http://507movements.com/index03.html
http://kmoddl.library.cornell.edu/bib.php
http://robives.com/mechs

£ epistre » Mega | > M Inbox > ik I OCorpl. X Basic , X =l robots > B)KMOD! > MS507 m > 507 M

S507movements.com/index03.htm| $ O a |gw3 =

FIVE HUNDRED AND SEVEN

MECHANICAL MOVEMENTS

Now Animated for the Internet! « prev next »

_~—]— — '

\

Waiting for www.facebook.com...
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www.robives.com 507 Mechanical M:

$® 3. @S
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e » Motors and Select % | ¥ Robotics : Adafruit - x ' [ gAdafruit Learning

# Robotics - SparkF

&~ = www.robives.com/mechs

-

WA Y
N A A
Deézgn/ng Paper Animations

L # How things work. ., An offline version of the mechanisms section
g b /xy/{- y originally from the flying-pig website is
All sorts of mechanism. What they do and :
|

how they work.

W  awailable in the shop.

I'm in the process of producing a set of updated mechanism pages with more information and animations that work on

more devices. You can see them

~N »rmeo’/'w Zo

6 : /_)n/.‘ wn/ n'm’
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RETAIL STORES & KITS

SPARKFUN (kits & hobby sensors, motors)
ADAFRUIT (kits & hobby sensors, motors)
LYNXMOTION (robotic parts)

MCMASTER CARR (mechanical components,
construction materials)



)
(3] O Bcpisu. X » Mega | % M Inbox

€« = www.lynxmotion.com/default.aspx?

Since 1995
’ﬁ £ y 0" - : : Your Wishlist GV
\\\‘I:ynxmotlon e S B 7N . Your Crt (0

. Your Account &
Imagine it. Build it. Control it.” : Contact Us @

Shipping Policy | Forum

Now In: Welcome to Lynxmotion

Welcome to Lynxmotion! Featured Product
Information Sy
Lynxmotion is one of the oldest manufacturers of robot Kits, lu

ncluding robot arms, biped
walking robots, quadrupeds, hexapods, tracked and wheeled vehicles, and more. We are the
Distributors home of the modular robotic building system known as the Servo Erector Set

— Sl i ¥

Track Your Order CH3-R
Ordering / Returns

Stylish Hexapod
e SES V1.1 Construction Kit

<Learn More>

Why choose
I

Lynxmotion?

B ) _ ; About the Servo
Watch the Lynxmotion UAV AR A / i Erector Set

Watch The SES V1.1

5 5" e

Promotional Video

P

www.lynxmotion.com/p-882-servo-erector-set-ses-vll.aspx
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MOTORS & PARTS

Solarbotics.com
pololu.com
robotshop.com

smallpartsinc.com



http://smallpartsinc.com

00O
e Flepistrop x 9 MegaPr x ' M Inbox (!

< C www.smallpartsinc.com

CELEBRATING
N\

INCORPORATED
“Excellence & Service with Integrity”

I Home

o

Main Menu Home

Photo Gelery Small Parts, Inc. and its Customers Working
Together

Quotations

The future is nota gift-itis an . p - | |
ving force in establishing us as one of the world's leading suppliers of precision press and slide-

achievement. - Harry Lauder

nbled components. When you work with Small Parts, Inc. you get solutions that work

" e fark ~ avnartiea in etam n and ci1ihacear c -~ o phes - P g, da s re
bining its technical expertise in stamping and subassembly, Small Parts, Inc. is able 1o provide manufacturer

their co L anor value through design and project support—-while emphasizing value

~ farturinn
anuiaciu 4

I"“m A partnership with Small Parts, Inc. provides you with design support, value-addec

“Excellence & Service with Integriny Ogislics expertise, and reduced overhead. Expect Small Pans, Inc. with its

allly you seex

nrreonImy
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epistrop > » Mega Pr > ™M Inbox (£ > () corpusc > Basic C Downlo: > - : robots ! B] Solarbo

solarbotics.com

W«.MJV’-\» B i et A e e N
A A A - S
® x

v

*SOLARBOTICS.

Distributors About Us Contact Us

0 Items In Cart uw/
($§0.00) 3=

BEAM ‘ Currency

Canadian Dollar (CAD) 2
New Product
Login
Solarbotics

Order four or more Useless Boxes, Email:

and we’ll engrave your custom design
or photo on the top.

Arduino i Z Password:
(Addesonal charge of $20 applics) N g ’

Kits

Microcontrollers

Remember Me
Solar

Solarbotics has been sharing electronics, kits, and BEAM Robotics with the Geek community for over 20

, Login
Bundles years. Designing an Arduino-based mobile solar-powered data logging cat collar? We can help! o

Other Handy Things Available At Solarbotics: Forgot Your Password?
Sensors [+)

Don't Have an Account?
Motors & Servos [+) : N Sign Up!
Power Supplies [+)
Prototyping [+]
Components [+)

https://solarbotics.com/product /60005 /
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800 I;J epistrop!

C

kiPololu

Robotics & Electronics
Q

www.pololu.com

Feedback

Comments or guestions?

(Opens In NEW WINGOW)

« Custom Laser Cutting
= SMT Stencils

Products

New Products

Robot Kits
- i\.,‘,v\ Kits with

« Tamiya Robot Kits
« (hassis
Electronics

« Programmable

' r*rye
Controllers

totion Contro
oLl - o

?"C:, es

Sensors

Regulators and Power
Supplies

Cables ang Wire
connectors
Electronics
Prototyping

Signal Agapters a
Extendgers

switch sutton

and kclav,
Computer Interface
RC Interface

tlectron
LEDS

Audio

ICs Xits

www.pololu.com/category/2/robot-kits

rhinoceros_wip_201....dmg ~

» Mega Pro

M Inbox (5,

OCorpusC;

Forum Blog Support Ordering Distributors About Contact

“Pololu Ro

[j robots to

& O a (&)

Log In | Wish Lists | BIG Order Form | Shopping Cart \-/

US toll free: 1-877-7-POLOLU ~ (702) 262-6648
Same-day shipping, worldwide

Downloac

Zumo

Get a little pushy. .

CLICK HERE for more info!l

M Compare rammable Controller SMCompare R

P

rodot

controllers as the brain for your
You can connect them to your
rogram them In various languages Including

L, anc

J
> w
2 o <

ST T

Ces.

24 Compare

Brushed DC Motor Drivers

next Pololu’s Orangutan
computer control

similar

New Products

oboClaw
2Xx30A Motor
Controller with
UsSB (va4)
12C Long
Distance
Differentia
Extencer
Pololu 5V Step
Up/Step-Down
Voltage
Regulator
S18V20FS
Wall Power
Adapter: S5VOC,
1A, USB Port
Stepper Mot
with 28cm L
Screw. Bipo
200 Steps/R
42x38mm,
2.8V, 1.7
A;‘P“a;e

olu 12V

;t»“"»l.'\ >
Down v\_l
chu?atcr
SIBV20F12

ead
ev

al,

Her Ss, Compare

are complete
solutions for small and medium robots or
projects. All Orangutans feature Atmel

tiple H-bridges for

units have

roliers

Most
SparkFu
Weat r‘nr '3rm ¢
for Arduino

Vishay
1SSPSBP38 IR
Detector

( , J8kHz,
f’-\L.""‘L.t ¢ Gain
(3-Pack)
Hycra Smart
Triple-Output
DC Power

nol

Supply

Stepper Motor

Stepper Motor Drivers
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MATERIALS

Build it green (bignyc.org)

Materials for the arts (mfta.org)

inventables.com



http://bignyc.org
http://mfta.org
http://inventables.com

® 00 cpis X P Meg X M Inbc x : : X v X Goc x | Edrobc x BIGWeI- Olnvc : Lyn: X Res:
C' () https://www.inventables.com 08 ~0F=

iINvenTtaBLesS shopping Cart ({J) Login

Materials ~ Machines ~ Frame & Rail ~ Fastening ~ Fabricating ~ Electrical & Lighting ~ Molding ~ Inspirational ~

\&\'\f‘ Accessories || P S

] - . Clamping ’ Sanding, Polishing and Finishing
dPDeO0KO ¢

! Drill Bits ™~ Software

Cut your designs from real Knives #<- Tools
materials.

’ Starts at $299

’

5

- | g
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Sign Up For Our Newsletter

fidue

LOW COST SALVAGE SURPLUS
BUILDING MATERIALS /i

[SearcvShop oY

BIGICOMPOST IS HIRING!

3-17 26th Ave. Astoria, NY
718-777-0132
queens@bignyc.org

69 9th St. Gowanus, NY
718-725-8925
brooklyn@bignyc.org

XL Reclaimed Yellow... Drexel Heritage Side...
Queens Queens

$5.75 $35.00
ALU: 27590 ALU: 27541

Savvy shoppers have aiways known that Build It Green!NYC is
t source for discount kitchen cabinet sets. Thanks to a
| agrea
OPEN EVERYDAY] generous donor, BIGINYC can now help you create the
custom kitchen of your dreams! A high-end residential
conversion... Read More

Mon-Fri 10am-6pm
& Sat-Sun 10am-5pm

=D
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REPOSITORIES

thingiverse.com (3d printed parts)
instructables.com (projects)

github.com (code)
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€« (= www.thingiverse.com/make:63351 $ @ a

MakerBot.Thinglverse DASHBOARD

@ OpenScad Micro Servo Robot Arm

Description

s the whole page, added some modification to it to f

d rhinoceros_wip_201...dmg ~ I EphemeralArchitectur....zip ~ photo (3)JPC w 12573861224 _8580e....jpg ~ & Show All




Basic Concepts of Robotics and Phy ical ¢
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