Maker Resources:
Computer Aided Design and Digital Fabrication

Presented by the Charles Z. Guan Center for Kids Who Can’t Robot Good
and Wanna Learn to Build Other Stuff Good Too
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Everyone builds something like this at least once...
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Maker Resources

A primer on modern resources available to the mechanical hobbyist, with emphasis on making
better devices through computer-aided design and engineering and accessible digital
fabrication resources.

o Designit

o Why design before you build it?
o Computer Aided Design software

« Fabit

o Using your CAD output for 3D printing, abrasive waterjet and laser cutting
o Making the 3D from the 2D and machine design techniques

e Sourceit

o Materials, motors and actuators, battery and power, sensing and control

« Readit

o Build blogs, Instructables, index sites
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About Me
o Engineering hobbyist since 2001

« Dragon*Con attendee since 2002,
competed in Robot Battles since 2003

« Mobile projects (robots, electric
vehicles) with mechanical, electronic,
and software integration

o MIT Mechanical Engineering S.B. (kind
of like a B.S.) 2011, S.M. 20

someday

« Fabrication / shop instructor, electric
vehicle design lab course at MIT

o Generally like that people build things
for fun and self-betterment.
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Design it: Mechanical Design Software

o 3D Computer Aided Design tools let you design parts
and virtually assemble & analyze them to validate the
design before fabricating.

EiSolidWorks |y Fie Edt vew Inset Tods CAM vindow Hep Q\Dv&-ﬂvgv@-l (%F B+ Scooter 2Batteries 2 v = £ X
P2 O/ OX LM NI s 4 |
SehpS 8 B N\ 60 (@

Oriing 2DMilng | oy, | Utiites View Orientaton

e Free:
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o Sketchup (now no longer Google) Pro & Make

(B MEYEY

—~ Make version cannot export most files

-8 () Chassis2<1> (Default<y
19 @ () 80 bandbrake<1> (w_i]
- B () 20050 belt drive <1> (|
. -9 B () 14tooth pulley 22p2m

o Autodesk 123D Design & Make S33 s

-9 @ () Tumigy SK3 6364 Attad

-9 @ () Brake2 Por
-G ® () Brake2 Por
-9 @ () Brake2 Stas

e freeCAD — under development

e Not So Free:

Under Defined _ Editing Assembly (2] Q.

Substitutes ~
iPart/iAssembly | Productivity

« Solidworks (student license) $150 S

(5 the_robot.iam (LevelofDetaill) -~
B [§z| Representations M
- ] origin

B

E

4 [l crive _side_assy:1
- [ 0003 _assem bly: 1

« Autodesk Inventor (student license)

— Free 3yr with .edu or other affiliation

e Rhinoceros (25-save trial)

« ViaCAD ($100 — 250)

ard_assy.iam ] 2ball2copteriam | the_robotiam = |

For Help, press F1 1250
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Why CAD? /\<
« Beginner h /r\ f{

« Draw shapes, sketch your ideas, make o - J Lo
templates to cut out parts manually

o Intermediate

o Create 3D mechanical parts, mate and
simulate motion, export digital fab files,
technical drawings

« Advanced

o Fully integrated 3D models including wiring -
harnesses, fluidic systems. Flow simulation,
injection molding simulations.

o “Computer Aided Engineering”
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Fab It: Rapid Prototyping and Digital Fabrication

o Waterjetting, 3D printing, and laser
cutting are computerized processes which
now have easy online instant quoting

o Laser Machining: Giant laser lights your
material on fire very scientifically

« Some materials can’t be laser cut due
to toxicity or heat damage

« Abrasive Waterjet Machining: Very
powerful water gun shooting into a
sandblaster at 60,000+ PSI. Will cut most
materials known to mankind.

o Cut hardened steels, ceramics, and
stone as easily as wood

o Technologies commonly referred to as
“digital rapid prototyping”

o Orjust “rapid prototyping”
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o 3D Printing: Stacking layers of 2D prints to
make a 3D project. Common techs:

« FDM / FFF Lays down noodle of plastic

o Mature technology, hobby-grade
equipment available

o RepRap, Makerbot, et al.

o SLA / Stereolithography Cures a goo via
focused laser or scanned UV image

o Maturing technology
o Some hobby-class, e.g. Form 1

o SLS / Selective Laser Sintering. Melts powder
together with large laser

o Still commercial and espensibru

« North of $250,000+
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e 3D printing must be used cautiously!
o Materials are often not structural
. SLA

o Too easy to make an impossible part!

« Convenient, but encourages poor design
practice

e Limited resolutions and minimum cross
sections (especially FDM)

o Used extensively in industry for prototyping
and looks-like (not works-like) models

o lll-suited for production

« Time and expense are linearly scaled since
parts are generally made one by one

o tl;dr 3D printing will not save the universe;
mechanical aptitude needs to be used
concurrently with the technology.
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Fab It:

e« Doesn’t mean it’s all bad...
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Fab It: Making 3D from 2D

o Availability of 2D processes plus some
creativity on your end = robust 3D machinery
without touching a single machine tool

o Adaptation of woodworking techniques and
sheetmetal working techniques g

e Qussets, trusses

e |-beam, web-and-flange

o Making boxes and cases

o Mortise and tenon joints (“slot and tab”
o “T-nut, Pettis Joint, etc.” fastening

o How to Build Your Everything Really Really
Fast: Written for MIT Mech. E. students,
generally useful

How to Build your Everything Really Really Fast v, i *x
%) Download 13 Steps + Collection @ Favorte

Step 11: Tubes and Extru: ind Structural Applic: About This Instructable

Postod:

o Basic machine design overview I \\\ em

« TIGHTEN YOUR SCREWS OR ELSE

v R e ey ey

Watteng for v nstroctables com. 4
@ x o-e
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Fab It: Making 3D from 2D

o Using stock & purchasable industrial
components with 2D plate design means more
structures are possible

o 80/20 T-slot extrusion

o Many accessories available

« Spaces, standoffs, threaded rods

o “Preloading” the structure for more
rigidity

« 3D printable “corner joists” and “angle blocks”

o TIGHTEN YOUR SCREWS OR ELSE

t (Tl
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Electronics CAD

[ ] E a g I e [l 2 Schematic - C:\Users\chuxxor\Desktop\My Dropbox\boards\ragebridge\ragebridge_0... |£|E|ﬂ—hj

File Edit Draw View Tools Librar

2 QRQAAE® © = T B

Options  Window  Help

o Free version lets you design up to 4 x 3”
boards, 2 layers

4

o Worst user interface ever, but a standard for
years

> T +1EY

o DipTrace

o Nice “professional” software, has hobbyist

o, . .
e d It I O n I I ke Ea g I e Pcbnew (2011-nov-30)-testing /usr/share/doc/kicad/demos/kit-dev-coldFire-xilinx_5213/kit-dev-coldFfire-xilinx_5213.brd [Read Only]
File Edit View Place Preferences Tools DesignRules Help
1= G0 R = Qo @[] maveeon  |[VE D3 S
[Track 0.198 mm | ~ || [Via 0.635 mm * v [ard1270 v | [auto -

\\\\\\\\

o KiCAD (Nice full-featured OS) &

o FreePCB (OS)

= 18] 15 & i
BAE s 8w

« Vendor-specific

o (ExpressPCB, PCBArtist...)

L S AR

&% B b B|IX =

o Fabrication services

®» o

N &
= a

inks
253 3275 743 210 534 534 0
Z93.04C|X 190.500 Y 46.990 dx 190.500 dy 46.990 d 196.210

« No schematic design, just layout

to change
layer

ddddd [Fa] &ad [Fe & F& [Fe [F7. [F&] Recalc.
Area Text part Ratlnes
Wi2277  [vie062 Mo selection

Ready
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Helpful Online Resources

Torque / Amp-Hour Calculator

o Torque and Amp-hour calculator

o architeuthis-dux.org/torquecalc.asp

o Simulation of robot drive trains —
acceleration, current draw, battery life

o Geared toward combat robots, but can
be pressed into service for most motor-
driven things

|| Circuit Simulator v1.5n

File Edit Scope Options Circui its

o Falstad Circuit Simulator

« falstad.com/circuit

o Easy to use electronic circuit simulator
(think SPICE software)

o Most types of components available

o Geared towards logic & analog circuits
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Helpful Online Resources

« Roymech.co.uk

o Excellent resource for learning
about mechanical parts (gears,
belts, shafts, chains, screws)
and machining processes

« Engineeringtoolbox.com

e Online engineering
repositories

o Calculators for bearing loads,
wire gauges, drills and tap
charts, ec.
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aaaaa | & Engincering ToolBox

|4 freecad R

And excel

‘This formis used for power/force transmissi
d on cetain

for power screws s avaiable with ExcelCal Power Screw s C: power scr

on . lnear jacks, clamps. The frction is low and there is o radial forces imposed on the mating nuts. The square thread is the most efficient convertional power screw fom. It s the most dificut form to machine. It is ot very compatibie for using spit

Acme Form
Usedfor power
with spit s

Buttress Form

P2 Pitch P

e, lthe lead screws. s easierto manufacture compared to 3 square thread. The acme screw thread has been developed formaching tooldrves. They are easyto machine and can be used
n optimum efficien 0

‘Astrong low friction thread. However  is designed only to take large loads in on direction. Fora

of the thread foms, loads on the near vertcal thread

is almost s efficient as a square thread fom

TRCOUUICCS, TOUIS G DaSIC MOTTIiguor 10 CHgcCring aina oesign or reeiimear mppicauonnsy

Ads by Google Dynar
P Sheras $hps
Home
= Acoustics

= Air Psychrometrics
- Basics

= Combustion

« Drawing Tools

» Dynamics

= Economics

« Electrical

= Environment

« Fluid Mechanics

« Gas and Compressed Air
» HVAC Systems

» Hydraulics and
Pneumatics

= Insulation

- Material Properties
= Mathematics

« Mechanics

* Miscellaneous

« Physiology

« Piping Systems

= Process Control

* Pumps

- Standards Organizations
» Steam and Cond

mics Physics Energy Engineering Stress Engineering
g+ W Tweet  EdRecommend 13
Google™ ¢ yom searen
Dynamics

Dynamics Motion - velocity and acceleration
Sponsored Links

\\BEp Applied =
Motion
Products

Acceleration

Change in velocity and time taken

Acceleration Units Converter

Convert between common units of accelerations

Acceleration of Gravity and Newton's Second Law
Acceleration of gravity and Newton's Second Law - Sl and Imperial units
Angular Motion - Power and Torque

Angular velocity and acceleration - power and torque

Average Veloci

Distance traveled and time taken

Body Forces on Inclined Planes

Determine force required to move a body up on an inclined plane
Bollard Force

~> STMI7R & 23R
<~ ~>= Integrated
' Steppers

* Lowcost
i

G S\
\‘ + High
performance
\ \ « 12-48VDC
operation
« Optional
|\

Rope friction - load and effort force in a rope

Car Acceleration

Calculating car acceleration

Cars - Power and Torque

Power, torque, efficiency and wheel forces

Centripetal and Centrifugal Force and Acceleration

« Thermodynamics
» Water Systems

Centripetal and Centrifugal acceleration - force due to circular motion
Sponsored Links

Engineering Calculations Easily Solve Complex Engineering Calculations With Mathcad. Try it! PTC.com
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Read it: Resources for Learning

o Reading and looking at other peoples' builds is one of the best ways to discover new
methods and resources!

o Builders' blogs:

o etotheipiplusone.net — Charles' site. Sidebar links to more sites.
« Hacking/Modding websites:
o hackaday.com, hackedgadgets.com, blog.makezine.com, Adafruit Blog
o Generally link to builders' sites if they are available
« Books
e« Making Things Move: DIY Mechanisms... Dustyn Roberts
« Make Magazine and Maker Faires
o Atlanta Mini Maker Faire at Georgia Tech, Oct. 26 (http://makerfaireatl.com/)

o Instructables.com

« Step-by-steps, guides, instructional videos.
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Major Lessons

CAD allows you to plan ahead, see how things will fit and move.

More resources than ever are available to the non-machine-endowed public with just a
little bit of computer skills

Digital fabrication resources turn a virtual model into real parts with little manual
intervention or steep machine operation learning curve (and access)

To make the most of these resources, becoming familiar with some aspects of mechanical
engineering and design is helpful.

The Internet is full of things which you can buy.

Q&A and Discussion
CAD program demonstrations
Resources and Purchasing



Source it: Beyond

o McMaster-Carr Supply (mcmaster.com)

Home Depot

o Pretty much the end-all, be-all of mechanical parts and tools. Downloable CAD models
for most fasteners, power transmission products.

o Link-rich website, easy navigation and searching by specification

@) McMaster-Carr - Moxzilla Firefox

Eile Edit View History Bookmarks Tools Help

|) equals zero x |F McMaster-Carr

mecmaster.com/=

e

* [+ . e d — ~

(:H-‘l' freecad ):'l 1

@ Most Visited 5 Latest Headlines l} Facebook | Home MIT Webmail Ill MIT E.! Google Translate

i_- M‘MASTER cARR OVER 490.000 PRODUCTS

[oFND]

Need help finding a product?
E-mail or call (609) 689-3415.

CONTACT US

charles ¥
ROBOTH001 - Shipped yesterday

ROBOTS000 - Shipped 82812 083112 - 0 lines.

BOOKMARKS ORDER HISTORY BUILD ORDER
Choose a Category All Categories How can we improve?  *
Abrading & Polishing Fastening & Joining E‘
Building & Grounds L4
Electrical & Lighting Fasteners
Fabricating > e >t - (2 .
p o t J = -
Fastening & Joining %@ % @ bl L % %
Filterin
9 Screws & Threaded Eyebolts U-Bolts Nuts Helical & Spacers & Pins Anchors
Flow & Level Control Bolts Rods & Threaded  Standoffs
Furniture & Storage Studs Inserts
Hand Tools 1
¥, = e SN ‘
=y | — N
Heating & Cooling Q ! M'N '/I o
o)
Lubricating Nails Nailers Rivets Rivet Tools Staples Staplers Key Stock Ret_amlng Cable Ties Lanyards Magnets
Material Handling Rings
Measuring & Inspecting
Office Supplies & Signs : .
Fipe, Tubing, Hose & Fiings || Adhesives & Tape Solg_grmg & Welding )
Plumbing & Janitorial e} = i 5 ‘\ @@
& =
Power Transmission J L & f'] . i
! =" S
Fressure & Temperature Control Adhesives Tape Hook & Loop Solder Soldering  Electrodes & Welders Torches Welding Welding Protective
Pulling & Lifting Irons Wire RE;uIﬂlcrs Gloves Screens

Raw Materials
Safety Supplies

Helmets &
Glasses

Sawing & Cutting

Pipe Tubing, Hose & Fittings

Sealin
‘ .g £ A I P = —
“ en, oy §
Suspending " ) $Cn. N il 0 U v s
Plpe Flttmgs Pipe Pipe Joints Pipe & Tube  Pipe Flange Tubing Tube Fittings Tube Cutters Tube Flaring
Hangers Repair Spreaders Tools

Clamps

Leu POV e

o
Tube Manifolds ose Hose Fittings Hc E Hos e& ul:e Hose Reels  Tank Fittings
Benders Noz

Home | Help | Returns | Careers | Settings

x
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By using this web site, you agree to our Terms and Conditions
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Source it: Materials and Mechanical Parts

« Otherindustrial suppliers = s i cosi

f A =" Qucsti 2 username:
(S [l c <=
._/L/g_7(_ ( 0 er part uestions or comments?

Industrial Supply Co. Chat, Email or Call 800-645.7270. passworc: [

W remember me

.
PY M S‘ ( I I | SCd I re Ct CO I ' ' ) HOME = ORDER,  SPECIAL OFFERS, = RESOURCES, = SOLUTIONS, ABOUTMSC, CUSTOMER SUPPORT, MY ACCOUNT OrderPad | EZ cart(o)
.

Product Categories View All X
. » Abrasives 5 Part # Type Part# aty
~ Tools and machinery | P SRt =
Positioning L -
» Fasteners & Adhesives I ) - "; i-\ % MSC v
PY Gralnger (gralnger.com) » Fleet Maintenance 2d s —
PAEVAG Adhesives, Tape Anchors Bolts & Screws Fastener Sets
» Hand Tools & Hook & Loop

-

-

— HVAC and industrial , ° | = 3632;,,6,“ @f

process contro | , contractor  weemermesees | e s N asaes Mot Washersd Bl K TR
» Indexable Cutting Tools Electronics Grommet O-Rings
.
supplies

Installation Tools
Janitorial & Facility Maintenance Save up to

Lighting & Electrical ) } 'i"] T 25% oFF [~ ‘

o et
Lubricants, Coolants & Fluids Hose, Pneumatics  { s

-

-

-

k-3 & Fluid Power* o
[ ) Fa Ste n a I fa Ste n a I CO l I I » Machinery Pins, Clips & Rivets, Threaded Screw, Bott, Threaded Rods, e @D ovtnns
* Retaining Rings Inserts & Tools Stud & Pipe Threaded Studs m
» Marking & Labeling Extractors & Nut & Mounting
Splitters Flanges

-

Material Handling & Storage

- H d rd wa re, tOO | S, b itS an d Measuring & Inspecting -eo Metalworkmvg /
cutters, joining |

-

-

. Worse websites, customer service
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Source it: Materials and Mechanical Parts

« DigiKey One of the largest electronic component suppliers, for DIY circuits and boards.
Search by specifications. Although not the largest, it is very popular with hobbyists
due to its relatively easy to use website.

o findchips.com and octopart.com For cross-vendor searching of a specific part.

Quick Links: View Order | Order Status | Contact Us | Site Map | Change Country

My Digi-Key Newest Products Product Index Supplier Index Resources v

Kevwords:
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:E1 b o Parts v I Part Number/Keyword ({1 )Lve ol‘l"ﬂech“’»‘

"/ In stock
" Lead free
[CIRoHS Compliant

Search Again

Records matching criter:

ia: 2,838,103
Audio Products

* Accessories (54 tems)
* Buzzer Eleme ts. Pie:

® Buzzers (1971 i tm)
* Microphones (527 items)
e Sirens (90 items)

* Speakers (396 items)

o Benders (57 items)

Battery Products

* Accessories (40 items)

atteries Non-Rechargeable {Primary) (310 items)
* Batteries e (Secondary) (485 items)
* Battery Charge (61 items)
* Battery Holders. Clips. Contacts (1061 items)
® Battery Packs (2620 items)
® Cigarette Lighter Assemblies (32 items)

Boxes. Enclosures, Racks

® Backplanes (47 items)
* Boxes (7639 items)

* Boxes - Accessories (322 items)
* Boxes - Components (1075 items)
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Source it: Materials and Mechanical Parts

o Materials and metals
o Onlinemetals (onlinemetals.com)

o Onlinemetalsupply
. . ¥ A HIT THE Go | MyeBay | Sell | Community
(onlinemetalsupply.com) eh . \\m

Welcome, teamtestbot (Sign in to bid or buy)

CATEGORIES v ELECTRONICS FASHION MOTORS TICKETS DEALS CLASSIFIEDS (,

o Speedy Metals
(speedymetals.com)

0.25" aluminum plate All Categories I~ m‘“‘

Related Searches: aluminum 0.25, 14 aluminum plate [[] 1ncludd

5 results found for 0.25" aluminum plate J| Save search

All items Auctions only Buy It Now Beta

° e B ay ¥ Categories

Business & Industrial (5 viewas: =1 &= Sortby: | Best Match

ool ‘ 6061 ALUMINUM PLATE 0.25" x 24" x 48" Top-ated Buy It Now
. a - Returns: Not accepted | el
o Search by alloy, size, and :
¥ Condition

descriptors

Choose more

o llPIateH ”Sheet” (IBarH ¥ Price

S to$

6061 ALUMINUM PLATE 0.25" x 11.5" x 35.75" Top-rated Buy It Now

Returns: Not accepted "

[ ] I nte rstate P | a Sti CS ’ ;:ile:ye';op-rated sellers ‘
(interstateplastics.com) |

¥ Buying formats
Auction
Buy It Now
Choose more

v Shaw anlv
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Source it: Did Someone Say Ebay?

« eBay is one of the most
underestimated resources for
builders, but it must be used
cautiously.

o Many keyword permutations

o Sort by distance —don’t
accidentally order from China
and wait 5 weeks because you
sorted by Price Lowest.

o Cross-check found parts with
actual vendors to compare
prices and shipping options

o Shipping might be 90% of the
parts cost (fee dodging!)

charles z. guan

% Y‘,y;’ Shop by
y category

Categories

eBay Motors 218

Parts & Accessories (218
Business & Industrial (70
Electrical & Test Equipment (42

Heavy Equipment Parts &
Accs (12

MRO & Industrial Supply (2
Manufacturing & Metalworking (2)
Other 2)

More w

Collectibles (=0
Advertising (21
Transportation (15
Paper (1
Trading Cards (1

Science & Medicine
(1930-Now) (1

More w

See all categories

Format
@ All Listings 1287
© Auction (10

v | evmotor All Categories [=]

Related : 750 gpz turbo  44ff plugs  electric vehicle motor forklift motor electric car motor electric car conversion kit warp motor water co.

All Listings  Auction = Buy It Now Sort:  BestMaich « View = ~

367 results for ev motor Save search

9 HP PERMANENT MAGNET 3dleft $249.00
ELECTRIC VEHICLE DC MOTOR, ~ Monday SPH 0 vids
EV, BOAT, CAR, GENERATOR

DC Motor for Electric Vehicle [EV] / 31,61?0‘00
Car (series wound traction/drive) or Best Offer
i NEWI

9 Electric Vehicle EV Conversion NEW $1,999.95
Motor with adapter for VW 75hp or Best Offer
130lbs Torque
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Source it: Materials and Mechanical Parts

o Surplus Center (surpluscenter.com)

o Most mechanical parts (chains, gears,
shafts, collars, hubs), not so many belts ¢ Bucwe o :

|25 Most Visited 3/ Latest Headlines [E3 Facebook | Home [<] MIT Webmail ||| MIT &2 Google Translate

Account | About Us | Contact Us | Information | Home

My
BURDEN
N ““pl“s BENTER‘ SALES €0. ¥ View rtemsin Cart

1-800-488-3407

PNEUMATICS | ELECTRICAL | ENGINES/AUTOMOTI¥E [ HYDRAULICS | POWER TRANSMISSION |WATER PUMPS | WHEELS/CASTERS | WINCHES| MIsc.

o Semi parts, farm equipment

« DC motors and gearmotors

Search For
@ click here to see our
Enteritem# OR Search Word(s) NEW ARRIVALS!

Example: 9-2854 OR HYD MOTOR

o Surplus parts might not be to all your
specifications, but they could be cheaper.

3 () «
network

If you know your item number use our

Catalog Quick Order
(60

Enter an Item Number QrY

Free Catalog | Tech Help | Product Index

Copyright © 2010 Surplus Center, All Rights Reserved | Frivacy Folig

o AllElectronics, Goldmine Electronics

click images for more information
BERGER LAHR

o Electronics and small mechanical surplus e . ". w

click image for

more information 2 SPOOL 12 GPM 59 HP KUBOTA V2403- 13.4 HP VANMAR

2X13/16 SOLID WALVOIL 1022A0025 M-T-EU4 TURBO DIESEL 2TNV70-HGE DIESEL

« American Science and Surplus

' = $109.95 $3,995.95 $995.95

« Elec & Mech surplus and hobby/craft pnviry

6.2A
$89.99 /
supplies | s
'A 12 VDC 1.5" MARINCO REMOTE CONTROL 7 4.80X8.00-2.25 FLAT

o Others (Herbach & Rademan, Alltronics,
M.E.C.I, Halted Surplus)
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Source it: Motors and Actuators

o Robot Marketplace: Centralized vendor for e Robiot, m
most robot and electromechanical projects 'Vlahl;!(eipla
El rzic;z% lié \:/;' Battgle;oi

“"’r‘/ /|

o Brush DC motors, chain-belt-gear,
batteries, etc.

o Created by a former Battlebots
competitor; many products are geared
towards larger robots, but there are man
products for very small hobby robots.

o HobbyKing: Brushless motors, lithium | ’5 -
batteries “idicr. (S

charles guan

o Geared towards R/C models

o Motors can be repurposed for other
applications such as vehicle traction,
generators.

o Inexpensive lithium ion battery packs and
chargers
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Source it: Motors and Actuators

« FIRST Robotics vendors

« Nationwide secondary school robotics
program now has a network of vendors
officially supporting it (I know, right?)

« Inexpensive mechanical parts “Built to

WAndyMark

PRODUCTS
Summer ®

28

last the season”...but cheap. =
. An dy M a rk i;;‘o:::'zlot't- |
o>
« Vex Pro FRC_
View all

o« West Coast Products )

Motors
&Motor Controllers

®

o Effective source of power transmission

can give you Supe

S| pr 0(1« ts
Chain

Does more. -:
Costs less. gl > W

WEST BC]AST PRDDUCTS
ing perfo

Learn more abou

EARINGS ~ FASTENERS  GEARBOXES GEARS  HUBS  MATERIAL  PNEUMATICS  ROLLERCHAIN ~ WCD  WHEE

Wheels
& Hubs

Gearboxes

GEARBOXES

products (chains, belts, shafts, gears,
bearings, actuator parts...)
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Source it: Motors and Actuators

« Small Robot Vendors

o Pololu: Very small DC motors and gearmotors
for little robot drives. Motor controllers and
other control electronics. Robot kits and
frames.

o Solarbotics: Similar market to Pololu.

o Trossen Robotics: Another general hobby
robotics vendor with a wide selection of small
and medium size motor controllers

o ServoCity: Anything to do with R/C servos
used as robot actuators. Many different styles
of hubs and adapters.
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(SERVOCITY.

ServoCity-

FpEl  Welcome to ServoCity

Radios & Accessories
Servos & Accessories
Pan/Tilt/Roll & Accessories
Robots & Accessaries
Motors & Accessories
Mechanicals & Accessories
Electronics & Accessories
Software & Accessories
Batteries & Accessories
Wire/Connectors & Access.
Web Specials

Questions and Comments

| Search

shop online or call 620-221-0123

HAVE THE PARTS FOR YOUR IDEAS!

Shopping Cart € ¥

ANy
aNN

Top Seller! NEW! - Digital BRAND NEW! NEW! - High Voltage BRAND NEW!
ServoBlocks Servo Gearboxes Speed Controller HS-430BH Servo  32P Aluminum Gears

‘l equals zero

(@ Pololu Robotics and Electranics - Mozilla Firefox
File Edit View History Bookmarks Tools

Help

| I3 Charles Guan « | I Electronic Parts, Components and S... | f Pololu Robotics and Electronics x|+ |¥

(- B1 wwpololu.com |- freecad L

&) Most Visited =/ Latest Headlines [EJ Facebook | Home [=1 MIT Webmail [!] MIT &3 Google Translate

“ P I I Log In | Wish Lists | BIG Order Form | Shopping Cart

Robotics & Electronics &=L Forum Resources Distributors Ordering About Contact

us toll free:

877-7-POLOLU w (702) 262-6648
Same-day shipping, worldwide

Feedback

Comments or guestions?
(opens in new window)

= Custom Laser Cutting
= SMT Stencils

New Products
Specials!

Robot Kits

= Robot Kits with
Soldering

= Robot Kits without
Soldering

= Tamiya Robot Kits

» Chassis

Electronics

= Programmable
Controllers

= Robot Controllers

= Motion Control

Modules

Sensors

Computer Interface

RC Interface

Electronics

Prototyping

= Electronics Kits

 IEDs

Welcome to Pololu Robotics and Electronics, your source for robot kits, robot parts, ekl ke
and robot electronics. You can order online through this web site or through one of our ?Z&ff‘?mu
distributors. Please contact us at any time if you have any questions or comments. Our &

Mini Motor
B | Multi-Ratio
robotics forum is also available for interacting with Pololu engineers and other robotics Gearbox

enthusiasts about our products, your projects, and electronics and robotics in general (12-Speed) Kit
Subtotal: $32.85
View cart
e o Cxm
Get FREE copies of Elektnr
magazines with your New Products
Orciartiidstonlias iaes
Pololu 2012
To get your free current issue of Elektor CLICK HERE! T-Shirt - Large

3pi  Maestro SMC Wheels Wixel 75:1 Micro
tal

e
DRV8835 Dual
Motor Driver
Carrier

A4988 Stepper
Motor Driver
Carrier, Black

> |- @ %2;\@,

Edition
§ ~ N Pololu 2012

Robot Kits %iCompare  Programmable i Compare T-Shirt - Extra
Choose from our selection of affordable  Controllers Lo
robot kits with soldering or without Use these controllers as the brain for

75:1 Micro
soldering. We have various your next project. You can connect < Motal
beginner-level robot kits as well as them to your computer and program I& Gearmotor HP
advanced walking robets, robotic arms,  them in various languages including T B
and our high-performance 3pi robot. BASIC, C, and C++. Gyro Carrier

[~
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Source it: Controls and Sensing

o Sparkfun Electronics

o Established supplier of hobby
electronics and supplies. Part of
the open-source hardware K

: sparkfun.
Communlty_ ELECTRONICS
. Products Support Tutorials Distributors About Us Contact search... @
« Many different types of sensors— ———————

accelerometry and inertial, touch, e o e 2o

Top Sellers

Featured Products page 2 3 A
buttons, pressure, temperature...

with “breakout” boards for hard- . @, 0 @ 7 4

7z
Breakout Boards

to- u Se CO l I I po n e nts » Cables 16x2 Parallel LCD 4x4 Driver Shield Arduino and Arduino Ethernet Arduino Ethernet
Add-On @® DEV-11352 Breadboard Holder Shield Shield with PoE
» Cellular RTL-09761 $54.95 @ DEV-11235 @ DEV-09026 Module
» Components $16.95 $3.95 $45.95

o Microcontroller development kits. - et

More Arduinos than your body has - & $ > ‘
> <
room for |

Arduino Ethernet Arduino Etherne! t Arduino Fio Arduino Leonardo
wi/o PoE with PoE ® DEV-10116 with Headers

Beagle

o Tutorials on EAGLE, surface mount
soldering, programming in C, etc.
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Source it: Controls and Sensing

o Adafruit Industries

kits and open source products

Arduino products and
development boards

Wearable electronics development
products

Tutorial system for basic and
intermediate electronics skills
(Adafruit Learning System)

charles z. guan

PRODUCTS

New Products [120]

PIC (2)

Breakout Boards (18)
Clocks & Watches (12)
Discover Electronics (1)
Drawdio (3)

EggBot (1)

FLORA (18)

FPGA (1)

Fuzebox (3)

littleBits (1)

Game of Life (2)
Microtouch (5)
MiniPOV (3)
MintyBoost (2)

NETduino (12)
Power su pply (9)
Propeller (11)

Raspberry Pi (36)
CIM roador £A4)

Adafruit Prototyping Pi Plate Kit
for Raspberry Pi

LEARN MORE

Latest blog entries: 2012 Paralympics Opening Ceremony Celebrates Human Accomplishment

Ice Tube Clock kit Assembled Drawdio fun pack Arduino Mega 2560 R3

(Atmega2560 - assembled)
S,

dragon*con 2013 robotics & makers track



