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INTRODUCTION

Copyright 2003

Imagine...

...an ocean—the Internet—so vast and deep the information contained in its
more than 40 million Web sites would fill tens of thousands of libraries.

Now imagine trying to find something in any of those thousands of libraries.
Enter the word “robotics” at the popular Google.com search engine, and
you’ll get a listing of some one million Web sites and pages. If each “hit” were a
piece of paper, the stack would reach some 30 stories—325 feet—into the air!

Imagine...
...you’re trying to find some specific information about robotics in this stack,
and you’re not sure what to look for.

That’s precisely what faces a growing legion of amateur and educational robot-
ics enthusiasts. The boom in robotics has brought with it a mountain of suppli-
ers and information. Thousands of companies worldwide provide parts, plans,
kits, and other material for building robots; thousands more support the

robotic craft with programming languages, operating systems, and computers.

Imagine...

...the most relevant information contained in one centralized clearinghouse.
This is what I imagined, and it’s why I compiled the book you now hold in
your hands. The Robot Builder’s Sourcebook is designed to serve as a compendium
for the amateur robotics enthusiast: what it is, where to get it, and how to get
started.

What You’ll Find in this Book
This book goes far beyond any search engine or links page you’ll find on the
Internet. In The Robot Builder’s Sourcebook you will find:

®  Over 2,500 robot resources, including mail order suppliers, online retailers, and
informational Web sites. Each listing is placed in a category, such as Actuators -
Motors, and include detailed information about the resource—including (when
available) address and phone number.

o Sources for unusual parts and supplies you might not have known existed. How
about thin luminous “neon rope,” in vibrant colors, to dress up your robot;
or maybe adhesive tape that conducts electricity one way, but not another;
or perhaps a special casting material that softens in a commonly available
solvent, then sets to any shape you can imagine for your robot.

® Dozens of “sidebars” with additional information to help you understand critical
robotics technologies, such as motor types, sensor designs, and choice of
materials.

®  Quver 200 articles of relevant advice to both beginner and experienced reader, on vari-
ous robot building topics.

The Robot Builder’s Sourcebook is the Yellow Pages for amateur and educational
robotics. It is designed to be a constant reference for all robotics enthusiasts,
as it contains resources for both common and uncommon parts and supplies.

About the Listings

Not every company or individual having to do with robotics is listed in this
book. That would be counterproductive—it would mean tens of thousands of
listings, and you’d once again drown in a sea of too much information.

Xl
by Gordon McComb. Click Here for Terms of Use.
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Those that are listed in this book are either primary resources that no robot
maker should do without, or are representative of a large group of similar sell-
ers. They are included to give you an idea of the product offerings. The same
goes for schools with robotics programs, and for people who want to show off
their robot creations; it’s impossible to list them all.

In most cases, resources listed have Web pages, so you can easily find out more
information about them. This is not just a pro-Internet bias, but a reflection of
the realities of commerce.

Who’s Not Listed

All this said, certain companies who conduct business on the Web have been
intentionally left out. For commercial sites (sites that collect your money and
sell you things through the mail), no listing is provided for companies:

¢ That are only on a free server (such as Yahoo, Geocities, or AOL). There
are rare exceptions to this, when I either know the company well, or they
have been in business for so long the possibility of fraud is virtually non-exis-
tent. In such cases I'll tell you why they were excepted.

¢ That fail to provide at least a phone number ora mail address (at the mini-
mum, a post office box). This is to help protect you against fly-by-
nighters—shady characters who set up quick storefronts, take your money,
then hide in the anonymity of the Internet.

® Whose site is “under construction” with little worthwhile information con-
tained on it.

For all pages, no listing is given if the site:

¢ Includes content, links, or advertising to “adult” material, or to online casi-
nos and gambling. No, I'm not a prude, but I recognize many amateur
robotics enthusiasts are under 18. They don’t need me pointing them to
porn on the Internet, thank-you-very-much.

¢ Contains excessive pop-up or pop-under windows. I tolerate one or two pop-
up windows, but a gaggle of them, especially one right after the other, is
total baloney, and they don’t earn the right to be listed here.

® Merely frames other Web sites. No posers and wannabees!

¢ Isasimple “grab-bag” link lists. Search engines like Google.com do a better job.
e Tries to add itself (or other sites) to your Favorites list.

* Has not been updated within the last 12 months.

® Provides little or nothing of interest to the amateur robot builder. This
applies to some of the very high-end industrial robot manufacturers.

These Aren’t Paid Ads!
No way! The Internet is full of enough ads as it is.

No one paid me, or the publisher (cash, freebies, beer, dancing girls, what-
ever), to be listed in this book. And they especially didn’t pay for the special
“highlights” that focus on specific products or companies. Those companies,
groups, and individuals listed in this book are included because I felt they con-
tributed to the art and science of amateur robots.

Be Included in the Next Edition!

We (the publisher and I) welcome your submissions if your company, school,
or personal Web site is related to amateur (and not industrial) robotics. If
accepted, your submission will appear in the next edition of Robot Builder’s
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Sourcebook. Send a short e-mail, describing your company, school, or Web site
to:

listings@robotoid.com

If you're still working on your Web site, please complete it before submitting
your request. Submissions from non-US entities are especially encouraged.

Updates and Changes

People on the Internet move, change addresses, or plain go out of business.
Some of the listings in Robot Builder’s Sourcebook are bound to change over time.
To help reduce the frustration of dead-end links, we regularly survey the com-
panies and Web sites included in this book, and provide updates at the follow-
ing:

http://www.robotoid.com/sourcebook/

Here, you’ll find:

* New additions to the sourcebook.
® News of major changes, like Amazon.com going bankrupt (nah...).
¢ Searchable database of all the links provided in Robot Builder’s Sourcebook.

The searchable database is useful if you try a Web address printed in the book,
and it’s no longer working. To reduce wear-and-tear on your mouse and key-
board, we use a special coding feature for our searchable database. If you find
a Web address is no longer functional, locate the six-digit ID number included
with its listing. A typical ID number looks like this:

012345

Enter the ID into the Search box, and click the Go button. The latest Web
address we have for that listing is displayed.

Report Changed or Dead Links

Though we make every effort to look for, change, and remove bad links,
some fly under our radar. If you find a link that is no longer working, please
report it using the Changed Links button on the main Robot Builder’s
Sourcebook page.

What You Need to Use The Internet

Many of the resources listed in this book rely on contact via the Internet. In
fact, some sellers, like Amazon, only do business through the Internet. They
discourage the “older fashioned” methods of mail order buying, and may not
even provide a mailing address.

Odds are you already have what you need to make use of the Internet, but to
recap:

®  Web browser. Any reasonably recent version of your favorite should be fine.
For some Web pages, you’ll want a browser that can display graphics and
run Java and JavaScript code.

® Shockwave. Some sites use Shockwave, an add-in program that provides ani-
mation and sound effects. Shockwave is a “plug-in” that works with your
Web browser. You can download it at http://www.macromedia.com/.

® [I-mail reader. If you use a Web-based e-mail service (like Hotmail or Yahoo),
then your browser is your e-mail reader. Otherwise you will need an e-mail
program, such as Microsoft Outlook Express (comes with all new versions of
Windows). Additionally, there are several free and nearly free e-mail readers
you can try.
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® Newsgroup reader. A newsgroup reader allows you to read and post Usenet
newsgroup messages. Newsgroup readers comes as part of Windows
(Outlook Express), and are included with many Web browsers, such as
Netscape.



HOW TO USE THE SOURCE LISTINGS

Each listing in The Robot Builder’s Sourcebook provides basic contact information.
In most cases, the address and/or phone number is included for sellers of
products and services. Internet-only resources, such as search engines, include
the name of the site, its URL address, and a description.

Here’s a sample listing for a seller of products or services:

Robots RUs (1) 8 909090 (4)

123 Main St.
Anytown, XY 99999 (2)

USA (3)

[ (128) 5551212 (5)

U (123) 555-9876 (6)

© (800) 555-1122 (7)

B4 info@robotzrus (8)

@ http://www. robotzrus (9)

Manufacturer and seller of lots and lots of robot goodies. Everything is given
away for free! (10)

& 1 ¢ @ B & pa
. Name of the resource.

. Mailing address for the resource.

. Country the resource is located in.

B~ 00 N~

. Six digit ID number that can be used at the support site for this book to look
up the latest known URL for the resource. See the Introduction for more
information.

. Voice phone. Outside North America the country code is included.

[=2BEN

. Fax phone. As with the voice number, the country code is included for list-
ings outside North America.

7. Toll free phone. In almost all cases, these numbers are good only when dial-
ing within the seller’s country. In North America, many toll free numbers
do not function if calling locally, or within the same state.

8. Main e-mail contact.
9. Web site URL address.
10. Description of products or services provided.
Note: Not all listings include all of the above information. For example, some

companies wish to only publish their toll free phone, and not their local access
phone...sounds crazy, but that’s their approach to doing business.

Many of the listings also include one or more icons to help you identify special
features of the resource. Here’s what the icons mean:

8 My personal pick, because T know the company well or have ordered
from them and had good results.

Resource provides a printed catalog or sales brochure. The catalog may
not be free, so be sure to check.
xXv

Copyright 2003 by Gordon McComb. Click Here for Terms of Use.
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&% Resource provides at least rudimentary product descriptions on their
Web site. Simple listings of product lines or manufacturers do not a Web cata-
log make.

U Listing is a premium resource, known for competently providing products
to robot builders and other hobbyists.

$ Seller requires a minimum order of more than $20 (for sellers in the
United States only). Note: Some sellers will accept orders of any size, but will
tack on a handling charge if it’s under a certain amount. This is not the same
as a minimum order requirement, where your order is refused if it doesn’t
measure up.

& Listing is for a manufacturer or wholesaler who may, or may not, sell
directly to individuals. If the resource does not sell directly, the Web site typi-
cally indicates where and how products can be purchased. In some instances, a
resource will sell directly only if a regional distributor or representative is not
available, so be sure to check with the company for exact policies.

B, Resource sells online, typically through an e-commerce shopping cart,
but may also accept phone, fax, or mail orders from product listings available
on the site.

€ Resource provides useful information only, and no sales.

Wﬁ Resource conducts local business in a bricks-and-mortar retail store.
Some listings are for companies that sell both online and locally.
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Actuators are mechanisms that produce motion from
some energy source, such as electricity or air pressure.
Common actuators are electric motors and air cylin-
ders. Actuation mechanisms are used to control how
that motion is applied.

The companies in this main section make, distribute, or
sell a very broad line of actuators and mechanisms and
are listed here as generic resources. Additional compa-
nies and resources are listed in the following subcate-
gories:

ACTUATORS-MOTION PRODUCTS: Specializes in
mechanisms (though may also sell motors and
other components)

ACTUATORS-MOTORS: DC geared and nongeared
motors, servomotors, stepper motors (but not
motors for radio-controlled models)

ACTUATORS-OTHER: Mechanical actuators (e.g.,
solenoids) that don’t neatly fit elsewhere

ACTUATORS-PNEUMATIC: Air cylinders, control
values, pumps, and other fittings

ACTUATORS-SHAPE MEMORY ALLOY: Material
that contracts when heat or electricity is
applied.

Locomotion Systems

Mobile robots use wheels, tracks, or legs to move around—there are exceptions, of
course: some snake-like robots crawl. We'll just concentrate on the usual designs.

Wheels: The Primary Moto-vator

Wheels are by far the most popular method of providing
robot mobility. Wheels can be just about any size, from an
inch or two in diameter to over 10 or 12 inches. Tabletop
robots have the smallest wheels, less than 2 to 3 inches in
diameter. Wheel size is critical for smaller 'bots because
larger wheels weigh more. Robots can have just about any
number of wheels, although two is the most common. In a
two-wheel robot, the machine is balanced by one or two
casters on either end.

Wheeled robots are the most
popular.

Legs: I'm Walkin' Here, I'm Walkin'! -

More and more amateur robots have legs. Legs are often . i
preferred for robots that must navigate over uneven terrain. r-

Most amateur robots are designed with six legs, which . ’
affords static balance—the ability of the robot to be bal- \ . )
anced at all times because a minimum of three legs (in tri- T (
pod arrangement) are touching the ground at any one time. . \ =
Robots with fewer legs must take more careful steps, or Yy
use dynamic balance (shifting of weight) to keep from falling
over.

Despite their looks, six-legged
walking robots are not difficult

Tracks: O' My Tears to build.

Tracks (or treads) are similar to what tanks use. The tracks, one on each side of the
robot, act as giant wheels. The tracks turn, and the robot lurches forward or backward.
Track drive is best for robots used only outdoors and only over soft ground, like dirt.

Copyright 2003 by Gordon McComb. Click Here for Terms of Use.
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SEE ALSO:
MOTOR CONTROL: Electronic circuits for control-
ling motors

POWER TRANSMISSION: Gears, bearings, belt,
chain, and other components

RADIO CONTROL-SERVOS: Servo motors used
with radio-control models

Danaher Motion MC

45 Hazelwood Dr.
Ambherst, NY 14228
USA

{  (716) 6919100
(716) 6919181
O (800) 566-5274
@ http://www.danahermcg.com/

203507

U.S.-based manufacturer and distributor of several top-
quality motion product brands. The company is the
corporate parent of:
Ballscrews and Actuators—
http://www.ballscrews.com/
PMI (pancake motors)—
http:/ /www.kollmorgen.com/
Superior Electric (motors)—
http:/ /www.superiorelectric.com/
Portescap (miniature gearmotors)—
http://www.portescap.com/
Warner Linear (linear actuators, ballscrew prod-
ucts)—http://www.globallinear.com/

The Danaher Motion site provides some handy online
tools, include a linear actuator selector, a ballscrew
selector, and a units converter. Online catalogs and
datasheets are in Adobe Acrobat PDF format.

¢

Ballscrew nut, with
reciprocating ball bearing
channels.

Invensys Plc

204159

Carlisle Place
London
SWIP 1BX
UK

{ +44 (0) 2078 343848

U +44 (0) 2078 343879

@ http://www.invensys.com/

Invensys is a large corporate parent of many motion

control and automation brands, many of which may be
familiar to you. These include:

® Barber-Colman (motors)—http://www.barber—
colman.com/

® Clarostat Sensors and Controls (potentiometers)—
http:/ /www.speed-position.invensys.com/

* Hansen Transmissions (gearboxes)—
http://www.hansentransmissions.com/

¢ Lamda Electronics (power supplies)—
http://www.lambdapower.com/

® Rexnord (power transmission components)—
http://www.rexnord.com/

e WM Berg (retail power transmission compo-
nents)—http://www.wmberg.com/

& &

MSC Industrial Direct Co., Inc. &

75 Maxess Rd.
Melville, NY 11747-3151
USA

{ (516) 812-2000
S (800) 645-7270
@ http:/ /www.mscdirect.com/

202826

See listing under Materials.

2 & 1 E ¥a

’ ACTUATORS-MOTION
PRODUCTS

Motion products are mechanisms and components
designed primarily for use in motion control equipment,
particularly linear motion assemblies (such as ACME
screws, ballscrews, X-Y translation tables, and linear actu-
ators). Motion products may be sold individually, or as a
complete system, including motor, all mechanical parts,
electrical control, and feedback sensors.
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Of the companies listed in this section, nearly all are
geared toward industrial motion control applications;
therefore, their prices for parts tend to be high-a typical
18-inch-long ballscrew mechanism might cost in excess
of $300. However, they are good sources for mechanical
information, and many do sell low-cost versions suitable
for amateur robotics. Their wares can often be found
on the surplus market.

Companies involved in so-called motion mechanicals
are usually also manufacturers, distributors, or sellers of
motors and motor control devices.

SEE ALSO:
DISTRIBUTOR/WHOLESALER-INDUSTRIAL
ELECTRONICS: For buying new motors

MOTOR CONTROL: Circuitry for operating motors
found in this section

POWER TRANSMISSION: Individual components;
gears, belts, etc.

RETAIL-SURPLUS MECHANICAL: Mail order and
local retail for buying salvaged motors

Allied Devices

325 Duffy Ave.
Hicksville, NY 11801
USA

{ (516) 935-1300

U (516) 937-2499

ﬂ/ info@allieddevices.com

@ http://www.allieddevices.com/

202122

Manufacturers and distributors of high-precision
motion products and mechanical components.
Offerings include:

Delta Computer Systems, Inc.
http://www.deltacompsys.com/
Hydraulic and servo motion control systems

Linear Bearings
http://www.linearbearings.com.au/

What else—linear bearings (and other motion
mechanicals)

THK
http://www.thk.com/
Linear motion products

* Rotary motion assemblies (gearheads, speed reduc-
ers, differentials, etc.)

¢ Rotary motion components (shafts, couplings, shaft
adapters, etc.

® Gears (including metric)
¢ Linear motion assemblies (racks, pinions, linear
slides, ACME screws and leadnuts, etc. )

® Assembly hardware (screws, nuts, hangars, set
screws, springs, etc.)

Anaheim Automation 203517

910 East Orangefair Ln.
Anaheim, CA 92801-1195
USA

[ (714) 992-6990
U (714) 992-0471
B4 webmaster@anaheimautomation.com
@ http://www.anaheimautomation.com/

Industrial motor control systems (motors, controllers,
and tachs); X-Y tables.

&

Applied Industrial Technologies 203445

One Applied Plaza

Cleveland, OH 44115-5053

USA

[ (216) 426-4189

U (216) 426-4820

© (877) 2792799

B4 products@apz-applied.com

@ http://www.appliedindustrial.com/

Industrial bearings, linear slides, gears, pulleys, pneu-
matics, hydraulics, and other mechanical things. Also
hosts Maintenance America, online reseller of indus-
trial maintenance supplies and general industrial sup-
plies (wheels, casters, fasteners, and more), tools,
paints, and adhesives.

&

mon Products 203879

404 Westridge Dr.
Watsonville, CA 95076
USA

[ (831) 7616555
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b (831) 761-6544

O (800) 525-1609

B4 info@applied-motion.com

® http://www.appliedmotionproducts.com/

Applied Motion is a major manufacturer of industrial
motion control products, including stepper and servo
motors, gearheads, and motor control electronics.
Products are available through distributors and are also
quite common on the surplus market. For this reason,
visit the Web site for its technical reference materials.

A selection of servo motors. Photo
Applied Motion Products.

Servo motor, driver, and support software.
Photo Applied Motion Products.

Arrick Robotics 202558

P.O. Box 1574
Hurst, TX 76053
USA

(  (817) 571-4528

0 (817) 5712317

M info@robotics.com

@ http://www.robotics.com/

In the words of the Web site, Arrick Robotics specializes
in PC-based automation products including stepper
motor control systems, linear and rotary positioning
tables, robotic workcells, and automation accessories
such as pulley reducers and grippers. These products
are used in a variety of settings including laboratories,
factories, machine shops, and education.

Products include:

¢ Gantry CNC components

e Arobot

e Trilobot
For the average amateur builder, the ARobot is the
most affordable product sold by Arrick Robotics. The
ARobot is a small mobile robot experimenter’s plat-

form designed to be programmed using an onboard
Basic Stamp II microcontroller.

@ &

Robotic workcell, available in various sizes.
Photo Arrick Robotics.

Automationdirect.com 202829

3505 Hutchinson Rd.

Cumming, GA 30040

USA

{ (770) 889-2858

U (770) 889-7876

O (800) 633-0405

“ sales@automationdirect.com

@ http://www.automationdirect.com/

Online e-commerce and catalog mail-order source for
motion control products, including shaft encoders, ser-
vos, and driver electronics. Much of the product offer-
ing is for high-end industrial and not for small home-
brew robots. Plan your budget accordingly.

The Web site also sports a large selection of user manu-
als and documentation for products available for down-
load (most are in Adobe Acrobat PDF format).

2 @& B
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B&B Motor & Control Corp.

21-21 41st Ave.

Long Island City, NY 11101
USA

( (718) 784-1313

U (718) 784-1930

B4 sales@bbmotor.com

@ http://www.bbmotor.com/

203514

Motors and motion mechanicals. Products include
AC/DC and stepper motors and motor controllers,
encoders, linear slides, linear actuators, precision gear-
heads, rotary tables, servos, and steppers.

2 &

Ball Screws & Actuators
Company, Inc.

3616 Snell Ave.

San Jose, CA 95136-1305

USA

( (408) 629-1132

U (408) 629-2620

O (800) 8829957

“ sales@ballscrews.com

@ http:/ /www.ballscrews.com/

202524

High-end, high-quality ballscrews, threaded rod, linear
stages, and other motion mechanicals. Full product
lines include:

¢ Supernuts and leadscrews

¢ Ballscrews

¢ Complete screw assemblies

¢ Stock stages

¢ Rails and bearings

e Linear actuators

® Accessories (such as couplings and mounting

flanges)

The company’s ActiveCam line of antibacklash nuts is
designed to reduce costs considerably from traditional
ballscrews and is designed for use when driving light
loads. The BS&A Web site also provides a number of
useful technical articles on designing with and using
motion mechanicals. An example article is “Straight
Talk on Leadscrews.” They sell direct if there isn’t a dis-
tributor near you.

2 & &

Barrington Automation 202494

780 Tek Dr.
Crystal Lake, IL 60014
USA

(  (815) 477-1400

[0 (815) 477-9818

ﬁ info@barrington-atn.com

@ http://www.barringtonautomation.com/
Barrington Automation manufactures industrial
motion products including translation stages, linear

slides, elevating tables, and grippers, as well as other
high-end products.

Also see their machine-framing subsidiary at:

http://www.frame-world.com/

Ballscrew and nut.

Bayside Automation Systems and
Components

27 Seaview Blvd.
Port Washington, NY 11050
USA

[ (516) 484-5353
O (800) 305-4555
@ http://www.baysidemotion.com/

202478

Precision motion products: bearings, linear-positioning
slides, gear reducers, and servo motor amplifiers.

&

BEI Technologies 202700

One Post St.

Ste. 2500

San Francisco, CA 94104
USA

(  (415) 956-4477

[0 (415) 956-5564
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B4 sales@bei-tech.com

@ http://www.bei-tech.com/

In the words of the Web site, BEI Technologiesis lead-
ing the development of intelligent sensors across many
markets. The sophisticated sensor technologies avail-
able and in development at BEI provide new levels of
performance for our customers. Our intelligent sensors
are enabling new technologies for automation products
and systems around the world.

Offers optical encoders, pressure sensors, motors,
motor control circuits, inertial sensors (gyros), and
position sensors.

See also BEI Industrial Encoder Division:

http://www.beiied.com/

& wm B

Bishop Wisecarver 203483

(see addresses below)
@ http://www.boschframing.com/

Machine framing, motion mechanics (linear actuators,
linear guides, and bushings).

For linear motion products:
14001 South Lakes Dr.

Charlotte, NC 28273

(704) 583-4338

Fax: (704) 583-0523

Toll free: (800) 438-5983

For machine-framing products
816 East Third St.

Buchanan, MI 49107

(616) 695-0151

Fax: (616) 695-5363

Toll free: (800) 32-BOSCH

¢ &

Bodine Electric Company 203880

2500 West Bradley PI.
Chicago, IL 60618-4798
USA

[ (773) 478-3515
U (773) 478-3232
O (800) 726-3463
@ http://www.bodine-electric.com/

Cross Automation

Bodine is a well-known and respected manufacturer of
motors of all shapes, sizes, and kinds. Of Bodine’s prod-
uct line, most robotics folk are interested in their DC
motors and gearmotors, and brushless DC motors and
gearmotors. The Bodine product catalog is on CD-
ROM, and the Web site contains numerous technical
articles that relate to Bodine’s products, as well as gen-
eral information about motors from many other com-
panies. Their white paper, “Brushless DC Motors
Explained,” is particularly interesting.

= &

Compumotor / Parker Hannifin Corp. 203928

5500 Business Park Dr.
Rohnert Park, CA 94928 7904
USA

{( (707) 584-7558

U (707) 584-2446

O (800) 3589068

@ http://www.compumotor.com/

Compumotor manufacturers and sells (online or
through catalog sales) a wide range of high-end indus-
trial motors and motion control products. Lines
include:

e Controllers
¢ Servo and stepper drives and drive/controllers

® Motors: linear servo, rotary servo, linear stepper,
and rotary stepper

e Incremental encoders

The Compumotor.com Web site contains a copious
amount of free technical literature, such as white
papers on servo design, DC and stepper motor con-
struction basics (written for the engineer), and
datasheets. Their product catalogs are available on CD-
ROM, online, or as printed books.

Compumotor is a division of Parker Hannifin; visit the
main Web site:

http:/ /www.parker.com/

2 & m E

203930

2020 Remount Rd.

P.O. Box 1079

Gastonia, NC 28053-1079
USA

[ (704) 867-4401
U (704) 8669525
O (800) 866-4568
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B4 info@crossco.com
@ http://www.cross-automation.com/
Distributor of motors, motor control, sensors, and

mechanical systems (gearheads, actuators, translation
tables, etc.) for industrial automation.

& B

Del-Tron Precision 204003

5 Trowbridge Dr.
Bethel, CT 06801
USA

U (203) 7782721

© (800) 245-5013

“ deltron@deltron.com

@ http://www.deltron.com/

Precision linear translation tables and slides, bearings,
rollers, and guides.

¢ o=

Directed Perception, Inc. 203460

1485 Rollins Rd.
Burlingame, CA 94010
USA

[ (650) 342-9399

U (650) 3429199

ﬂ info@DPerception.com

@ http://www.dperception.com/

Camera pan-tilt mechanism.

& B

Emerson Power Transmission
Manufacturing

8000 W. Florissant Ave.
St. Louis, MO 63136
USA

{ (314) 553-2000
U (314) 553-3527
@ http://www.emerson-ept.com/

204030

Mondo major manufacturer of power transmission and
motion products. Brands include:

Browning—World leader in V-belt drives
Morse—Roller chain drives
SealMaster—Bearings, rod ends

US Gearmotors—Fractional horsepower AC and DC
gearmotors

Rollway—2,000 types of bearings
Kop-Flex—Industrial shaft couplings

¢

Hiwin Technologies Corporation 204252

520 Business Center Dr.
Mount Prospect, IL 60056
USA

[ (847) 827-2270

0 (847) 8272291

@ http://www.hiwin.com/

Providers of ball, ACME, and leadscrews; DC motors,
linear actuators, linear bearings, rails and guides; posi-

tioning tables, motor control circuits, and stepper
motor drives.

B O &

igus GMBH 203444

igus GmbH

Spicher Strafle 1 a
D-51147 Kdln

Germany

[ +49 (0) 2203 96490
U +49 (0) 2203 96492

® hitp://www.igus.de/
Makers of polymer (plastic) bearings, chain, linear

slides, and other mechanicals. Web site is available in
many languages, including English and German.

2 &

Rod end.
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What's a Leadscrew?

Leadscrew is a generic term for a threaded rod that trans-

lates rotary motion to linear motion. The rod is connected to

the shaft of a motor. Situated along the length of the rod is a

nut, which is connected to some platform, or carriage.

When the rod turns, the nut travels forward or back, which T -

causes the carriage to likewise move. motion to linear motion.
There are many types of leadscrews, and some folks

reserve the term for a specific type of rod that has a spe-

cific kind of thread. However, the point remains that the rod has threads machined along

its length, and that it couples with a nut with compatible machining so the threads wiill

properly engage.

Threaded Rod, Acme Rod, Ballscrew Rod AN AN AN AN &

Rod stock is often used in robotics (and machinery tools
such as CNCQC) to translate rotational motion from a motor to
linear motion. The motor shaft is attached to the rod; a nut
is threaded onto the rod, and the nut is connected to some T N e B mn
carriage that slides back and forth. O R L O I {
The generic term for these devices is translation table, or
translation stage. When two such translation tables are con-
nected to form a cross or T, then they are called an X-Y
table, because they provide linear movement along both the /% /% ¢
X and Y axes. | W
There are many types of rods:

e Threaded rod can be found at hardware and home x
improvement stores. It's like a long version of a bolt, but RWAWA \ /
without the bolt head. The rod is threaded down its entire WOOMS WS NS WY
length. The threads are V shaped, just like a machine bolt. g yscrew rod.

Threaded rod is inexpensive and is suitable for applica-
tions where accuracy is not critical.

* Acme rod is especially made for building translation tables. The threads are more
squared off, and, of course, a special nut is required to couple with the rod. Acme rod
is an ideal "middle ground" that offers reasonable price with reasonable accuracy.

e A ballscrew rod (or coil rod) is intended to couple with a ballscrew nut. These nuts use
recirculating ball bearings that run in tiny channels. The ball bearings ride against shal-
low, rounded threads in the rod. Ballscrew rods and nuts are the most expensive of
them all, because of the mechanicals that go into the recirculating ball bearings. They
are seldom needed for amateur robotics applications.

Uses for Linear Motion Products in Amateur Robotics

Translation tables and leadscrew mechanisms are the primary domain of manufacturing
and factory automation, where machines do the work of humans—only in less time and
often with greater precision. Their application in amateur robotics is less common, though
no less compelling.

For starters, you can always build a translation table for use with your wood router in
order to build robot parts. Used with a computer, you can cut out and mill parts with
accuracies far exceeding that of a skilled craftsman. You might make a set of legs—all
exactly alike—for your walking robot, for example. The possibilities are endless.
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Linear motion is also used

in many forms of robotic I

arms and grippers. For ) ¢ ey
. . " = &
instance, a roving wheeled S P y

robot might be equipped \ I
with a kind of forkiift arm in ‘ L\ 4 .
the front that can grab g ﬁ: Y o N
objects. With a linear mech- - ‘({ ¢ ¥
- u -

anism, the forklift raises up .,
or down to carry objects

This Rokenbok radio-control A walking robot can use linear
arognd the roqm. "robotic" toy is outfitted with a motion to lift its legs for each step.
Finally, certain advanced  jinear motion forklift gripper. Photo Jim Frye, Lynxmotion, Inc.

legged robots use linear

motion mechanicals to replicate walking gaits. One motor swings the leg back and forth,
and another motor lifts the footpad of the leg. To walk forward, the leg is lifted up and
positioned forward. The leg is lowered, and then moved to the back. The process repeats
itself for each step of each leg.

Build Your Own Linear Translation Table—For E
Under $20

Industrial linear translation tables cost big bucks because

they are engineered to provide high accuracy under fairly

heavy loads. But for many home-shop and amateur robot-

ics applications, supreme accuracy under heavy-duty use is

not critical. This makes it possible to build a workable linear A clamping-style coupler can
motion translation table for little spending money. Nearly all ~ be used to connect the all-
of the materials are available at hardware stores. Here's esdlielafpotogeral
how:

Start with a length of 3/8-inch all-threaded rod. The rod is available in 1-, 2-, and 3-foot
lengths. Get the length you need for your application—if you're building a translation table
that requires an 18-inch travel, you'll need a 2-foot length. The threaded rod will act as the
leadscrew.

For the leadscrew nut purchase one 3/8-inch coupler. The coupler looks like a very long
hex nut, and in fact, that's exactly what it is. You will need to glue this nut to the moving
carriage of your translation table. Use a fast-setting epoxy. Don't use superglue or its ilk,
as it won't stand up to the mechanical stress.

You will need at least one guide shaft, and two is preferable. Look for a pair of 1/2- or
3/8-inch-diameter steel cold-rolled shafts at the same place in the hardware store as you
found the all-thread.

The carriage transport can be made out of a block of wood or plastic. Plastic is marginally
better as it doesn't swell with moisture or heat, but a good hardwood such as birch will also
work (don't use oak as it's too heavy, and don't use pine because it absorbs moisture like a
sponge). Drill three holes in a triangular configuration, with the center hole near the top. The
two holes for the shafts should be drilled carefully and should be only slightly larger than the
diameter of the shafts. Drill the larger center hole so that it accommodates the 3/8-inch
coupler. Measure the coupler at its widest point, and select a drill bit accordingly.

The front of the translation table requires careful driling as well. Drill two holes for the
guide shafts just large enough so that you can firmly seat the shafts into the wood. You
can always apply epoxy if there's some play. You may wish to drill the holes for the car-

9
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What’s a Leadscrew (continued)
riage and the front panel by sandwiching them together, as this will help ensure proper
alignment.

The two holes for the guide shafts in the rear of the translation table should be larger
so the shafts will freely "float" by a few millimeters. This helps prevent the carriage from
binding. Do not glue these shafts into position.

The one item you might not be able to find at the hardware store is a suitable coupler
to connect your motor to the all-thread leadscrew. A clamping-type coupler can be used
to attach shafts of different diameters together. Select a coupler for the diameter of the
all-thread (in this case, 3/8-inch) and the diameter of your motor. Suppose your motor
has a 1/4-inch shaft; you need a 3/8-inch to 1/4-inch reducing coupler. Sources for cou-

plers are found in the Power Transmission section.

Kerk Motion Products, Inc. 203505

1 Kerk Dr.
Hollis, NH 03049
USA

[ (603) 465-7227

U (603) 465-3598

B4 info@kerkmotion.com

@ http://www.kerkmotion.com/

Linear mechanicals; leadscrews, acme nuts, linear rails,
and spline rails.

¢ &

Linear Industries, Ltd. 203511

1850 Enterprise Way
Monrovia, CA 91016
USA

[ (626) 303-1130
U (626) 303-2035
O (800) 821-2875
@ http://www.linearindustries.com

Motion control mechanicals. Serving California and
the Northwestern, U.S.

Ba

Machine Systems Ltd 202818

7974 Jackson Rd.
Ann Arbor, MI 48103
USA

U (734) 424-0202
O (800) 386-6404
B4 sales@machsysinc.com

® http://www.machsysinc.com/

Sellers of ballscrews, leadscrews, X-Y translation tables,
linear guides, and other motion mechanicals.

SEE ALSO:

http://www.ballscrews.ws/

& B

Two-rod linear slide.

Merlin Systems Corp, Ltd. 202086

ITTC Tamar Science Park
1 Davy Road

Derriford, Plymouth

PL6 8BX

UK

[ +44 (0) 1752 764205

U +44 (0) 1752 772227

B4 info@merlinsystemscorp.co.uk

® http://www.merlinsystemscorp.co.uk/

Makers of the Humaniform Muscle, a lightweight actua-

tor technology ideal for robotics. Other products
include:
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¢ MIABOTS-Intelligent autonomous micro robots

¢ LEX Sensor-Digital absolute position sensor

¢ Humaniform robotics and control systems technol-
ogy

® Stretch sensor

¢ =

Minarik Corporation 203510

905 East Thompson Ave.
Glendale, CA 91201
USA

{ (818) 637-7500

 (818) 637-7509

O (800) 4272757

@ http://www.minarikcorp.com/

Full-line mechanical (bearings, shafts, gears, chain,

etc.); electronics (PWM drives and sensors); online
ordering plus many local warehouses within the U.S.

£ Ba

Motion Systems Corporation 204136

600 Industrial Way West
Eatontown, NJ 07724
USA

{ (732) 222-1800

U (732) 3899191

B4 appengineer@motionsystem.com
® http://www.motionsystem.com/

Electromechanical linear actuators. Offers technical
data for all models.

¢ &

Nook Industries 203506

4950 East 49th St.
Cleveland, OH 44125-1016
USA

( (216) 271-7900

U (216) 271-7020

O (800) 321-7800

B4 nook@nookind.com

@ http:/ /www.nookindustries.com/

Nook specializes in linear mechanicals (leadscrews and

ACME screws), linear bearings, worm-gear actuators,
and ballscrew products.

SR VI

Linear slide.

Parker Hannifin, Inc. 203929

6035 Parkland Blvd.

Cleveland, OH 44124

USA

{ (216) 896-3000

U (440) 266-7400

O (800) 272-7537

@ http://www.parker.com/

Parker Hannifin is a multifaceted manufacturer of indus-
trial automation components. Their main lines include
linear actuators; pneumatic rotary drives; motors; struc-
tural framing; linear tables and slides; gearheads; and
gantry robots. Most products are available only through
distributors; however, some (like Compumotor division
motors) can be purchased directly.

&=

PIC Design

86 Benson Rd.

P.O. Box 1004
Middlebury, CT 06762
USA

[ (203) 758-8272
0 (203) 758-8271
© (800) 243-6125
B4 sales@pic-design.com

202483

@ http://www.pic-design.com/

Precision mechanical components, motion control
mechanicals, X-Y translation tables, leadscrews, belts,
pulleys, and gear products.

2 &

Rockford Ball Screw 204250

3450 Pyramid Dr.
Rockford, IL 60119
USA
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[ (815) 8749532
U (815) 874-7897
© (800) 4759532
@ http://www.rockfordballscrew.com/

Rockford makes leadscrews, rated by load (such as 0 to
1,000 pounds, 1,001 to 2,000 pounds, etc.), screw diam-
eter, and pitch.

2 &

Rockwell Automation 203871

Firstar Building

777 East Wisconsin Ave.
Ste. 1400

Milwaukee, WI 53202
USA

[ (414) 212-5200

0 (414) 2125201

@ http://www.rockwellautomation.com/

Rockwell Automation manufactures a broad line of
automation electronics and components: stepper
motors, servo motors, encoders, linear motion prod-
ucts-about 500,000 items in all . . . a little too many to
list here. Products are available from distributors and
through company online stores.

Covers the following brands:

Allen Bradley (http://www.ab.com/) and Electro-
Craft

Reliance Electric (http://www.reliance.com/)
Dodge PT (http://www.dodge-pt.com/)

Rockwell Software
(http://www.software.rockwell.com/)

¢

Ballscrew assembly.

Secs, Inc.

Open-style linear bearing.

202123

520 Homestead Ave.
Mt. Vernon, NY 10550
USA

[ (914) 667-5600
U (914) 699-0377
@ http://www.prosecs.com/
Gears and such:
¢ Gears, gearheads, and gear assemblies
® Bearings
® Belts and pulleys
e Shafts
¢ Differentials
® Speed reducers
® Sprockets
e Linear ball sides
® Linear actuators
e Clamps
¢ Couplings
e Clutches
& 5
Seitz Corp. 202484

212 Industrial Ln.
Torrington, CT 06790-1398
USA

U (860) 496-1949
O (800) 261-2011
@ http://www.seitzcorp.com/

Plastic gears, gears, and motion control mechanicals.

¢

Servo Systems Co.

115 Main Rd.

P.O. Box 97

Montville, NJ 07045-0097
USA

202599
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{  (973) 335-1007
U (973) 335-1661
S (800) 922-1103
Q info@servosystems.com

@ http://www.servosystems.com/

Servo Systems Co. is a full-service motion control dis-
tributor and robotic systems integrator. The Web site
contains copious descriptions and technical data on
their industrial components. The company also sells
motion mechanicals, such as linear stages. Be sure to
check out their “surplus bargains” pages for affordably
priced servos, as well as other gear.

2 & o B

Specialty Motions, Inc. 204251

22343 La Palma Ave.

Ste. 112

Yorba Linda, CA 92887

USA]

( (714) 692-7511

U (714) 692-7510

O (800) 283-3411

@ http://www.smi4motion.com/

Specialty Motions makes and sells (online or through
distributors) pro-grade linear motion mechanicals:
leadscrews, ACME screws, ballscrews, linear bearings,
guides, rails, and more. The Web site contains plenty of
technical documents on building and using linear
motion gear, and the online e-store provides spec infor-
mation and (usually) a picture or mechanical drawing.

2 & &

Ballscrew.

Techmaster Inc. 203481

N93 W14518 Whittaker Way
Menomonee Falls, WI 53051
USA

{ (262) 255-2022

[ (262) 255-4052
@ http://www.techmasterinc.com/
Techmaster is a distributor of aluminum structural

framing (machine framing) and motion control
products.

& B

Thomson Industries, Inc. 202827

2 Channel Dr.
Port Washington, NY 11050
USA

{ (516) 883-8000

 (516) 883-7109

S (800) 554-8466

B4 Thomson@thomsonmail.com

® http://www.thomsonindustries.com/

Thompson manufactures a broad line of linear bear-
ings, X-Y translation stages, linear actuators, ballscrews,
and other products for linear motion contraptions.
The company offers “designer guide” literature,

datasheets, and application notes (in Adobe Acrobat
PDF format).

2 &

Thomson linear slide.

Warner Electric 203437

449 Gardner St.
South Beloit, IL. 61080
USA

[ (815) 389-3771

[0 (815) 389-6425

© (800) 234-3369

ﬂ info@warnerelectric.com

@ http://www.warnernet.com/

Warner Electric manufactures industrial power trans-

mission products including clutches and brakes, as well
as contact and noncontact sensors.

¢
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SO
2}/ ACTUATORS-MOTORS

Motors that turn under electric power. Motor types
included in this section are permanent magnet (PM),
brushed, brushless and coreless continuous DC motors;
servo motors (but not R/C servomotors); stepper
motors; motors with gearheads attached.

Many of the listings in this section are for manufactur-
ers of motors, and the majority do not sell directly to
the public. However, links to distributors and customer
representatives are provided on the manufacturers’
Web sites. And, let’s not forget that manufacturer Web
sites are gold mines for datasheets (including for
motors you might have gotten surplus), application
notes, and technical white papers.

SEE ALSO:

ACTUATORS-PNEUMATICS: Air power

ACTUATORS: SHAPE MEMORY ALLOY:
Electrically driven wire “muscles”

DISTRIBUTOR/WHOLESALER-INDUSTRIAL
ELECTRONICS: For buying new motors

MOTOR CONTROL: Circuitry for operating motors
found in this section

POWER TRANSMISSION: Mechanical drive compo-
nents like gears and sprockets

RADIO CONTROL-SERVOS: R/C servo motors for
model airplanes and cars

RETAIL-GENERAL ELECTRONICS: Mail order and
local retail for buying new motors

RETAIL-SURPLUS MECHANICAL: Mail order and
local retail for buying salvaged motors

SENSORS-ENCODERS: Feedback mechanisms for
motors

A. O. Smith

11270 W. Park PL
Milwaukee, WI 53224-9508
USA

( (414) 359-4000
[0 (414) 359-4064
@ http://www.aosmithmotors.com/

203948

A. O. Smith manufactures small DC, fractional and sub-
fractional-horsepower motors. Motor catalogs and spec
sheets are available at the Web site.

2 &

Anaheim Automation 203517

910. East Orangefair Ln.
Anaheim, CA 92801-1195
USA

(  (714) 992-6990

U (714) 992-0471

ﬂ webmaster@anaheimautomation.com
@ http://www.anaheimautomation.com/

Industrial motor control systems (motors, controllers,
and tachs) and X-Y tables.

@7

Animatics Corporation 203133

3050 Tasman Dr.
Santa Clara, CA 95054
USA

{ (408) 748-8721
00 (408) 748-8725
ﬂ response@animatics.com

@ http://www.smartmotor.com/

Industrial servomotors and controllers.

ARSAPE

Rue Jardinire 33
2306 La Chaux-de-Fonds
Switzerland

{ +4132910 6050
U +4132910 6059
ﬁ info@arsape.ch
® http://www.arsape.ch/

Manufacturer of miniature drive systems, such as step-
per motors, servo motors, precision gearheads, and
drive electronics. The company is based in Switzerland,
but the products are available worldwide through dis-
tributors and manufacturer’s representatives; see the
Web site for a list of distributors.

202510

The Web site is in English.

&

Astro Flight Inc.

13311 Beach Ave.
Marina Del Rey, CA 90292
USA

203303
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{ (310) 821-6242

I (310) 822-6637

ﬂ info@astroflight.com

@ http:/ /www.astroflight.com/

Astro Flight’s high-powered gear motors are meant for
model airplanes, cars, and boats, but they are also used
in Robot Warriors robots. These top-quality motors are
available with planetary gearboxes. The company also
sells a line of high-performance gearboxes and elec-
tronic speed controls.

& B

Astro Flight cobalt motors. Photo Astro Flight Inc.

Aveox, Inc. 204126

31324 Via Colinas

Ste. 103

West Lake Village, CA 91362
USA

{ (818) 597-8915
 (818) 597-0617

@ http://www.aveox.com/

Aveox provides high-performance brushless DC perma-
nent magnet brushless servo motors for the remote-
control hobbyist, as well as for industrial motion con-
trol. Sells motors and controllers.

& B

Baldor Electric Company. 203222

5711 R.S. Boreham, Jr. St.
P.O. Box 2400

Fort Smith, AR 72901
USA

{  (501) 6464711
0 (501) 648-5792
O (800) 828-4920

@ http://www.baldor.com/

Baldor is a manufacturer of industrial motors. Product
suitable for robotics include DC, DC gearhead, and ser-
vomotors. The Web site sports a nice product cross-ref-
erence style of product selection. Prices are provided.
You won’t be using these to build a small tabletop bot,
but they’re good candidates for your next combat
robot. Products are sold through local distributors.

Barber Colman 300005

@ http://www.eurotherm.com/

See also the listing for Invensys Plc (in the Actuators
section).

Bison Gear & Engineering 300001

3850 Ohio Ave.
St. Charles, IL 60174
USA

[ (630) 377-4327

U (630) 377-6777

O (800) 282-4766

® ttp://www.bisongear.com/

Bison Gear distributes industrial motors for medium-
duty applications. Several of their 12-volt parallel shaft
and right-angle gearmotors might be useful in larger
robots, especially combat style. They offer online buy-

ing, spec sheets, technical information, and a regular
newsletter.

& @

Buehler Motor GmbH

P. O. Box 45 01 55
90212 Nuernberg
Germany

{  +49 (0) 9114 5040

[0 +49 (0) 9114 54626

B4 marketing@buehlermotor.de
@ http://www.buehlermotor.com/

300003

Buehler manufactures (and sells through distributors
and representatives) compact permanent magnet DC
motors, with and without gearheads. Their products are
occasionally found on the surplus market, and the Web
site is handy for its repository of technical specs.

Sales offices are in Germany and the U.S.; Web site is in
German, English, and French.

&
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Compumotor / Parker Hannifin Corp. 203928

5500 Business Park Dr.
Rohnert Park, CA 94928 7904
USA

{  (707) 584-7558

0 (707) 584-2446

O (800) 3589068

@ http://www.compumotor.com/

Compumotor manufactures and sells (online or
through catalog sales) a wide range of high-end indus-

trial motors and motion control products. Lines
include:

e Controllers
¢ Servo and stepper drives and drive/controllers

® Motors: linear servo, rotary servo, linear stepper,
and rotary stepper

e Incremental encoders

The Compumotor.com Web site contains a copious
amount of free technical literature, such as white
papers on servo design, DC and stepper motor con-
struction basics (written for the engineer), and
datasheets. Their product catalogs are available on CD-
ROM, online, or as printed books.

Compumotor is a division of Parker Hannifin; see the
main Web site:

http://www.parker.com/

2 & B

Servo motor. Photo
Compumotor-Parker Hannifin
Corp.

Densitron Technologies plc 202175

Unit 4, Airport Trading Estate
Biggin Hill

Kent

TN16 3BW

UK

{  +44 (0) 1959 542000

U +44 (0) 1959 542001

B4 curope.sales@densitron.net
@ http://www.densitron.com/
Densitron is a maker of electromechanical compo-
nents-including rotary solenoids, stepper motors, and

electric clutches, as well as computer-related product
such as displays.

&

Donovan Micro-Tek

67 W. Easy St.

Ste. 112

Simi Valley, CA 93065
USA

{ (805) 584-1893

[0 (805) 584-1892

N

B4 info@dmicrotek.com

® http://www.dmicrotek.com/

203980

Itty-bitty stepper motors-8, 10, and 15mm. Also carries
encoders, drive electronics, and gearboxes. Everything
is on the small side.

¢ =

EA Electronics
8 Maple St.

Ajax, ON

L1S 1V6

Canada

{ (905) 619-1813
ﬂ email@eaelec.com
@ http://www.eaelec.com/

204090

Purveyors of motors and motor control electronics for
remote-control model ships. But what’s a robot if not a
ship with wheels instead of a rudder? In other words,
just about everything for R/C model ships will work in a
robot, too. Their speed-control boards are designed for
some high-current DC motors and will handle 10 to 20
amps.

Among the products offered:
® Multifrequency speed control
® Optically isolated smart control
e DC PM Motors (from Johnson, Coleman, and
Pittman, the big names in small DC motors)

Electronics are sold though distributors; motors sold
directly.

& B
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Edmond Wheelchair Repair & Supply 203777

1604 Apian Way
Edmond, OK 73003
USA

0 (405) 359-5006

O (888) 343-2969

ﬂ Sales@edmond-wheelchair.com

@ http://www.edmond-wheelchair.com/

Wheelchair and scooter parts, including motors,
wheels, and batteries.

& B

Electric Motor Warehouse

G 1460 E. Hemphill
Burton, MI 48529
USA

(  (810) 744-1240
0 (810) 744-1424
O (877) 986-6867

ﬂ sales@electricmotorwarehouse.com

300002

@ http://www.electricmotorwarehouse.com/

Online retailer of motors for home and light industry.
They have a selection of Leeson and Dayton brand frac-
tional and subfractional-horsepower DC motors
(geared and nongeared) for the combat robot builders
out there. They also offer a nice range of 12-volt paral-
lel and right-angle shaft Dayton gearmotors. Prices are
reasonable.

& B

Elite Speed Products 203305

3923 East Mound St.

Columbus, OH 43227

USA

( (614) 2314170

BA sales@eclitespeedproducts.com

@ http://www.elitespeedproducts.com/

Ni-cad batteries, electric motors, and motor replace-
ment parts (brushes, armatures, etc.) for R/C appli-
cations.

& B

Ellis Components 204216

Stonebroom Industrial Estate
Stonebrook
Alfreton

Derbyshire
DE55 6L.Q
UK

(  +44 (0) 1773 873151
U +44 (0) 1773 874645
Vj sales@ellis-components.co.uk

® http://www.elliscomponents.co.uk

Resellers of Bosch 12- and 24-volt DC automotive motors.

B,

Enigma Industries 204214

P.O. Box 27522
Anaheim, CA 92809-0117
USA

Vj info@Enigmalndustries.com
® http://www.enigmaindustries.com/

Enigma sells a unique real-world simulation program
for developing drive trains for coaxially driven (wheel
on cither side) robots and especially larger robots for
combat. You enter the technical details of the motor
and the details of your robot design, including gear
ratios, tire diameters, motor voltage and capacity, and
weight. The program then simulates how the robot will
perform given the motor you've selected.

The technical specs of common motors are already in
the program’s database, and you can edit those figures
if needed, or create new entries. The program simu-
lates battery voltage, state of charge, internal resistance,
as well as over- and under-volting of the motor (e.g., the
performance of motor driven at 12 volts, but whose
faceplate rating is 19 volts).

Another unique aspect is that the database includes the
approximate price and sources for the motors.

& B

Large motor, with keyway
shaft.

Estimation of Motor Torque 204058

@ http://www.westernelectric.com.au/
m_select/select]l . htm

From Western Electric in Australia, here is a semitech-
nical brief on estimating motor torque requirements..



18 ACTUATORS-MOTORS

See other technical papers and datasheets at the follow-
ing site:

http://www.westernelectric.com.au/

EVdeals

9 South St.
Plainville, MA 02762
USA

{  (508) 695-3717

0 (508) 643-0233

ﬁ scott@EVdeals.com

@ http://www.evdeals.com/

204218

Electric motors for bikes and scooters, 12- to 48-volt bat-
teries and battery chargers.

& B

Faulhaber Group 204239

Postfach 1146

D-71094 Schnaich

Germany

[ +49 (0) 7031 6380

U +49 (0) 7031 6381

@ http://www.faulhaber.com

Maker of miniature and microminiature motors. The
Faulhaber Group consists of the following motor manu-
facturers:
Faulhaber GMBH (Germany)—
http://www.faulhaber.de/
MicroMo Electronics, Inc. (U.S. sales)—
http://www.micromo.com/
MiniMotor SA (Europe)—
http://www.minimotor.ch/

& @

GE Industrial Systems 203947

41 Woodford Ave.

Plainville, CT 06062

USA

( (860) 747-7111

U (860) 747-7393

® http://www.geindustrial.com/

GE Industrial Systems supplies a wide range of prod-
ucts for residential, commercial, industrial, institu-
tional, and utility applications. Mostly high-end indus-
trial components; their product is also a common find

on the surplus market. The GE Industrial Web site
provides downloadable catalogs and technical refer-
ences. Will sell industrial product direct, limited to ter-
ritory.
Among some of the cogent GE products for larger
robots:

e Contactors

e Controllers and I/O

® Drives

¢ Embedded computers

* Motion control

® Motor control centers

* Motors

* Sensing solutions

e Sensors, solenoids, and limit switches

Globe Motors

2275 Stanley Ave.
Dayton, OH 45404-1249
USA

{  (937) 2283171
U (937) 229-8531
@ http:/ /www.globe-motors.com/

203882

In the words of the Web site, “Globe Motors designs,
manufactures, and distributes precision, subfractional
horsepower motors and motorized devices throughout
the world.”

Main product line is industrial DC and DC gearhead
motors, including both brushed and brushless. Most
products are described in Web catalogs and consist of
individual Adobe Acrobat PDF files. Products are sold
by a network of distributors.

The company also supplies a line of specialty products
including rotary actuators and linear actuators (screw-
jacks).

2 & &

Globe motor.
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Motors for Amateur Robots

Electric motors are used to "actuate" something in your
robot: its wheels, legs, tracks, arms, fingers, sensor turrets,
or weapon systems. There are literally dozens of types of
electric motors (and many more if you count gasoline and
other fueled engines), but for amateur robotics, the choice
comes down to these three:

In a continuous DC motor, application of power causes
the shaft to rotate continually. The shaft stops only when
the power is removed, or if the motor is stalled because it
can no longer drive the load attached to it. These motors are listed in the section you
are reading now, Actuators-Motors.

In a stepping motor, applying power causes the shaft to rotate a few degrees, then
stop. Continuous rotation of the shaft requires that the power be pulsed to the motor.
As with continuous DC motors, there are subtypes of stepping motors. Permanent
magnet steppers are the ones you'll likely encounter, and they are also the easiest to
use. Stepper motors are also listed in this section.

A special subset of continuous motors is the servo motor, which in typical cases com-

A variety of different motors
types suitable for small robots.

bines a continuous DC motor with a "feedback loop" to ensure accurate positioning.
There are many, many types of servo motors; a common form is the kind used in
model and hobby radio-controlled cars and planes. These are called R/C (radio-con-
trolled) servos. R/C servo motors are listed in Radio Control-Servos.

Choosing a Motor Type

With three common motor types for amateur robots to pick from—DC, stepper, and

servo—it can be hard to know which one is best. The answer is not simple, because each

motor type has its own pros and cons.

Motor Type

Continuous DC

Pros

* Wide selection available, both
new and used.

* Easy to control via computer
with relays or electronic switches.

* With gearbox, larger DC motors
can power a 200-pound robot.

Cons

* Requires gear reduction to provide torques
needed for most robotic applications.

* Poor standards in sizing and mounting
arrangements.

Stepper ¢ Does not require gear reduction * Poor performance under varying loads. Not
to power at low speeds. great for robot locomotion over uneven
® Low cost when purchased on the surfaces.
surplus market. * Consumes high current.
* Dynamic braking effect * Needs special driving circuit to provide
achieved by leaving coils of stepping rotation.
stepper motor energized (motor
will not turn, but will lock in place).
R/C servo* * Least expensive nonsurplus * Requires modification for continuous

source for gear motors.

* Can be used for precise angular
control or for continuous rotation
(the latter requires modification).

¢ Available in several standard

sizes, with standard mounting holes.

rotation.

* Requires special driving circuit.

* Though more powerful servos are available,
practical weight limit for powering a robot is
about 10 pounds.

*The discussion is limited here to R/C servo motors; there are other types of servo motors, but most are mondo expensive

19



20 ACTUATORS-MOTORS

Bear in mind that all motors are available in different sizes.

¢ Small motors are engineered for applications where compactness is valued over
torque. While there are small high-torque motors, these tend to be expensive because
they use rare earth magnets, high-efficiency bearings, and other features that add to
their cost.

e Large motors may produce more torque, but also require higher currents. High-current
motors require larger capacity batteries and bigger control circuits that won't overheat
and burn out under the load. Therefore, match the size of the motor with the rest of the
robot. Don't overload a small robot with a large motor when big size isn't important.

¢ When decided on the size of the motor, compare available torque after any gear reduc-
tion. Gear reduction always increases torque. The increase in torque is proportional to
the amount of gear reduction: If the reduction is 3:1, the torque is increased by about
three times (but not quite, because of frictional losses).

Motor Specifications

Motors are rated by their voltage, current draw, output speed, and torque.

Operating Voltage

Operating voltage specifies the nominal (normal) voltage the manufacturer recommends
for the motor. Most small DC motors are designed for 1.5- to 12-volt operation, with the
majority in the 3- to -6-volt range. Larger DC motors designed for heavy-duty applications
usually require 12 to 24 volts, with some needing upward of 90 volts. Often, but not
always, the higher the voltage, the more powerful the motor (this does not apply to step-
per motors, where very low voltages—on the order of just a few volts—are common for
heavy-duty motors). Most motors can be run at operating voltages higher or lower than
the specified rating.

* Lower voltages reduce torque and speed.
e Higher voltages increase torque and speed.

(Note: For stepper motors, speed is not greatly altered by changing the voltage.)

Avoid applying excessively high voltages to a motor, or else it could overheat and burn
out. R/C servo motors contain their own electronics which are not designed for use over
about 7.2 volts.

Current Draw

Current draw is the amount of current, specified in miliamps or amps, that the motor
requires to produce a certain amount of torque. Motors consume different amounts of
current depending on how they are operated:

* No-load. A motor that doesn't have anything attached to its shaft isn't doing any work
and is said to be free-running. No-load current tends to be very low.

* [oad. As the motor does work, its load and current draw increases. Manufacturers rate
the current draw under load using different standards, making it hard to judge a motor
using this specification alone.

e Stalled. When the motor shaft stops rotating, it "stalls" and draws as much current as
will flow through the windings. This specification is useful for "worst-case scenario"
engineering planning.
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e Shorted. Maximum current flows into the motor when the coils are shorted out. The
motor will not run, and like any short circuit, if operated in this way for any length of
time, serious damage can result to other systems on the robot.

Torque

Torque is the way the strength of the motor is measured. It ] - -
is typically calculated by attaching a lever to the end of the

motor shaft and a weight or gauge on the end of that lever.

The length of the lever usually depends on the unit of meas-

urement given for the weight. Examples:
. . Example motor curve.
¢ Metric measurements use Newton meters (Nm), kilo-

grams-force meters (kgf-m), or sometimes gram-cen-
timeters (gm-cm).

¢ Standard measurements use ounce-inches (oz-in), or pound-feet (Ib-ft), or pound-
inches (Ib-in). It's common to reverse the nomenclature and call it foot-pounds and
inch-pounds.

Speed

The speed of the motor indicates how fast its shaft is turning. DC motors without a gear-
box spin at 3,000 to over 12,000 rpm (revolutions per minute). With a gearbox, the speed
can vary from under 1 rpm on up.

Stepping motors are not rated in rpom, but pulses (or steps) per second. The speed of a
stepper motor is a function of the number of steps required to make one full revolution
times the number of steps applied to the motor each second. Typical values are 200 or
300 pps.

Motor Specs: Comparing Apples to Oranges

Motor torque specifications are not standardized, both in
the way the torque is measured and the way that torque is
specified. This makes it difficult to adequately compare the
torque of motors to determine which one(s) is best suited
for the job.

Why the disparity? Many motors are designed expressly
for a specific application, and the specifications are tailored
to be meaningful for that application. Amateur robot builders A high-current high-power gear
don't typically buy 10,000+ motors at a time, so we have to motor commonly used in heavy-
buy “off the rack” rather than have something specially z‘;‘go’;?;‘goﬁg””?gz:'sp etd
made for us. Naturally, we also have to accept whatever :
type and format of specifications that are provided with the motor. Torque may be pro-
vided in ounce-inches for one motor and Newton meters for another.

Basic Torque Conversion Factors

Fortunately, it's possible to compare these disparate measurement schemes with simple
math. Here are some basic conversion equivalents:

1 pound-foot = 1.35 Newton meter

1 Newton meter = 8.851 pounds-inches

1 pound-foot = 12 pounds-inches

16 ounce-inches =1 pound-inch

1 Newton = 1 kilogram-meter per second squared

21
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Cross Comparison Chart

The following table shows the relationships between the most commonly used torque
specifications: ounce-inches, pound-inches, pound-feet, Newton meters, and kilograms
per force meters.

1 0.0625 0.0052 0.0071 0.0007
16 1 0.0833 0.113 0.0115
192 12 1 1.356 0.1383
141.6 8.851 0.7376 1 0.1
1416 86.8 7.231 9.807 1

Specifications in Horsepower?

AC-operated motors are often specified in horsepower (hp) rather than torque. While
both horsepower and torque represent the strength of the motor, they are not the same
thing. (Specifically, horsepower calculations also include the amount of work performed
during a period of time, such as one second, while torque does not.)

Small DC-operated motors for amateur robotics are not rated in horsepower, because
the ratings are less than 1/50 or even 1/100 hp. Manufacturers rely on horsepower ratings
for larger motors; you may see it for big brute motors intended for electric wheelchairs.

For the curious, 1 hp is equal to 550 Ib-ft per second, or 76.04 kgf-m per second.

Converters on the Web

Several motor manufacturers and other Internet resources offer torque converter calcula-
tors on their Web sites. Check the following:

Bodine Electric

http://www.bodine-electric.com/

Online Conversion

hitp://www.onlineconversion.com/

Convert Me
http://www.convert-me.com/

Anatomy of a Permanent Magnet DC Motor

By far, the most common motor used in amateur robotics is the small permanent magnet
(PM) variety. It runs off direct current (DC) and comes in thousands of shapes and sizes.
But despite all the variations of PM motors, they all work about the same.

A Peek Inside

At the center of the motor is the central shaft; wrapped around this shaft is a core of
windings, called the armature. The armature turns within a cavity of the motor that is
made of magnets. Though multiple sets of magnets may be used, the fundamental
design of PM motors uses two field magnets, one with its north pole facing the armature,
and one with its south pole facing the armature. The two magnets are placed on opposite
sides of one another inside the motor.
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Electricity is applied to the windings, and this causes the
motor to turn within the magnetic field. The direction of the
motor is determined by the polarity of the DC voltage
applied to the two terminals of the motor.

Brushed and Brushless

Permanent magnet motors can be brushed or brushless.

The brushed variety uses small contacts, called brushes, What the inside of a PM motor
that make intermittent contact with the windings on the looks like.

armature. As the armature spins, the brushes touch an

insulated metal collar (the commutator) that is positioned on the end of the armature. The
commutator is typically split in three electrically insulated sections, which each third going
to windings on the armature. As the motor spins, the electrical field is then alternated
between the windings.

In the least expensive motors, the brush is really just a piece of flexible copper wire, but
on fancier motors, real metal brushes or pieces of carbon are used. These brushes can
be replaced as part of regular motor maintenance. You won't find replaceable brushes on
smaller DC motors, but they are common on larger units, such as wheelchair drives.

Brushes can wear out over time; brushless motors are a variation on the theme where
the alternating field through the coils comes from electronic control, rather than mechani-
cal contact via brushes. Brushless motors are more complicated to drive, but can last
longer and are often more efficient.

Speed Control

The speed of the motor is primarily determined by its input voltage. Put through more
voltage, and the armature spins faster. The actual speed depends on several factors,
however, including the load on the motor. The speed is the fastest when the motor spins
freely (no load). Speed decreases for a given voltage as the load on the motor shaft
increases.

A simple method of controlling the speed of a motor is to vary its voltage with a rheo-
stat. Turning the dial increases or decreases the voltage reaching the motor, and so the
motor changes speed. This is a rather inefficient, however; most motor speed controllers
use a technique known as pulse width modulation (PWM) where voltage to the motor is
rapidly turned on and off several hundred or even several thousand times per second.

PWM works by varying the ratio of the "on" time to the "off" time. The longer the off
time, the slower the motor, because the motor will receive less voltage. Likewise, a PWM
period of 100% means the motor is fully on and runs the fastest. A PWM period of 0%
means the motor is off and is stationary.

Selecting the Right Motor Supply Voltage

The design of the average permanent magnet motor does not require exact operating
voltages. A motor "designed" for 12-volt operation will usually work just fine at 8 or 10
volts, or even at 14 to 16 volts. Operating the motor at a voltage higher or lower than its
rating proportionally affects the speed of the motor, its current draw, and its torque.

* With a lower voltage, the motor will run slower, draw less current, and provide less
torque.

¢ With a higher voltage, the motor will run faster, draw more current, and provide more
torque.
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There is some danger in operating a motor at too high a voltage. You'll want to carefully
experiment with the motor to determine if it can withstand a higher voltage. Things to
consider when “overvolting” a motor:

* Because the motor is turning faster, it can develop more internal friction, wearing out
the bearings or bushings sooner than normal.

* With more current flowing through the windings, the motor can get hot. If it gets very
hot, the windings may burn out.

¢ Excessive heat may partially demagnetize the magnets in the motor, resulting in dimin-
ished performance.

e With more current flowing to the motor, the control circuit or relay operating the motor
may overheat and cook to extra crispy.

Typical Problems with Permanent Magnet Motors

Permanent magnet motors of all types, styles, designs, makes, and models are prone to
failure, simply because they are fast-moving mechanical devices. Over time, motors can
develop a variety of problems that can cause them to fail.

For small DC motors (those under about 1.5 inches in diameter and without replaceable
brushes), repair is not practical; replace them with identical or similar units. Larger DC
motors may be repairable, given the proper tools. However, bear in mind that disassem-
bling a PM motor may result in diminished performance.

e Shorted windings. Applying too much current to the motor can overheat it, and the
windings can short. When this happens the motor ceases to turn. A short can be deter-
mined with a volt-ohm meter. A reading of 0 ohms is a clear indication of a short. If the
reading is nonzero, but low (1-2 ohms), spin the shaft of the motor and watch for a
variation in the resistance. Also check for a short between the terminals and the metal
case of the motor. It should read very high onms—uvirtually an open circuit.

e Dirty brushes or commutator. These can be cleaned with alcohol, but if they are worn,
replacement is necessary.

e Dry or worn bearings. The cheapest DC motors don't use internal bearings, but they
may use washers that can crack or disintegrate. Repair or throw away. If the motor
uses bearings, they must be replaced with the exact same kind.

e Gummed lubrication, loss of lubrication. Whether the motor uses brushes, washers, or
nothing at all, the lubricant added at the factory may dry up, thin out over time, or gel
up into a gooey mess. Applying a very small dab of synthetic grease fixes this situation,
but be sure to keep the brushes and commutator clean! The motor will not work if
these are mucked up with grease.

Be a Motor Mouth

Knowing the lingo of motors helps you understand their specifications, which can in turn
help you select the right one for the job. Here's a short recap of the most common terms
you'll encounter in motor specifications.

* Breakdown torque. The maximum torque of the motor that doesn't cause an abrupt
change in either speed or output power.

* Braking. Any means of slowing down the motor. Brakes can be completely electronic,
produced by grounding or shorting out the terminals of the motor. They can also be
mechanical, similar in function to the brakes in a car. Brakes are more common in
larger AC-operated motors.
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e Duty Cycle. The amount of time the motor can be operated between off periods.
Continuous duty cycle motors can be run 24/7; intermittent duty cycle motors are
intended to be operated for periods of a few minutes at a time.

* Full-load Amps or Full-load Current. The amount of current, in amps or miliamps, the
motor draws when it is operating at its rated output torque and voltage.

e Full-load Torque. See Torque Load.

* Mounting. The means by which the motor is mounted. Some motors are intended to be
mounted by the face (the end where the motor shaft is). Machine screws hold it in
place. Other motors are intended to be mounted by the gearbox. Others have no
mounting holes at all and are intended to be clamped into place.

e No-load Speed. The speed of the motor, in revolutions per minute (rpm) when there is
nothing attached to its shaft. The no-load speed is always faster than the load or out-
put speed

e Qutput Speed. The speed, in revolutions per minute (rpm) of the motor in full-load con-
dition, or free running (not turning any load), and at a given voltage. Output speed is
affected by voltage to the motor and the load on the motor shaft.

e Overhung load. Also called radial force or radial load, the force applied at right angles to
the motor shaft. This force may be the weight of the robot (if the wheels are attached
directly to the motor shaft) or the force caused by a pulley, sprocket, or gear.
Exceeding the overhung load can cause premature death of the motor.

¢ Reversible. Specifies if the motor can run in either clockwise or counterclockwise direc-
tion. Most DC motors are reversible, but not all.

e RPM. See Output Speed.

e Sleeve bearings. Specifies the type of bearings used for the output shaft of the motor.
Cheap motors have no bearings at all, but instead use fiber, plastic, or metal shims. Well-
made mechanical bearings make the motor quieter and last longer under heavier loads.

e Stall Torque. The amount of torque exhibited at the output of the motor when the shaft
is prevented from moving. This torque is the result of the maximum amount of current
possible flowing through the motor windings. Stall torque is specified without assump-
tions made regarding physical damage that can be caused by operating the motor in
this condition (locking a shaft in a gear motor may actually tear the gearbox apart).

e Torque. The twisting force of the shaft of the motor (or of the output shaft of the gear-
box, if the motor is attached to one). Torque can be specified in a number of different
units, with inch-pounds being the most common in North America.

¢ Torque Load. The maximum torque produced by the motor without an abrupt change in
speed or output power.

¢ \oltage. The specified operating voltage of the motor. Most motors can be operated at
higher or lower voltages, though extremes should be avoided.

Of Fish, Weight Scales, and Torque

First a story. Thomas Edison was not only an inventor, he was a businessman. When he
learned he was losing money because his phonograph players were being broken in rail
shipment, he asked his engineers to come up with a stronger box, one that could with-
stand being dropped off a loading dock at a train station. Edison was also quite frugal,
and given the number of phonographs he sold, he didn't want to make the box too
strong, or else he'd spend money unnecessarily.

The engineers set off to work. A week later, Edison returned to find them still grappling
with the problem. They had built a box, but were arguing over their calculations on
whether it had the strength to withstand the drop. Disgusted, Edison put a phonograph
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into the box and shoved it off the loading dock. The box splintered into pieces. The box
wasn't strong enough for the job—back to the drawing board!

The moral: Empirical discovery—testing variables under real-life conditions—is some-
times the fastest and most economical approach to solving a problem. You can use the
same techniques with robots, like when determining the torque needs of the motors.
Rather than complex calculations and math, a perfectly suitable approach is to directly
measure the force needed to pull a stationary robot along the ground.

Measuring Torque with a Fish Scale

Here's how it's done: Attach a 6- to 8-foot length of string -
to a hanging spring scale, like the kind used for fishing. A ;
scale that reads up to a couple pounds is sufficient. Attach . .,
temporary wheels, of the same diameter you plan to use, to L ]

a wooden box. The box should be the approximate weight
and dimensions as your robot. Secure the end of the string
to the tread of the wheel, along the top. L

Holding the scale in your hand, and with the string nearly grzetirfé,i'zr;ge 25:':,;:"’:;6?‘” €
parallel to the floor, pull the robot until it just starts to move. o, wheeled robot.
Note the reading on the scale. Then, do a simple bit of
math:

Torque = Reading on the scale times the radius of the wheel

The result, torque, is in inch-pounds (or pound-inches, same thing).

Example: If the scale reads 1 pound, and the wheel is 10 inches in diameter (radius is
half the diameter, or 5 inches), then the minimum torque needed to get the robot moving
with one motor is 5 inch-pounds.

Note: You will need to convert ounces to decimal in order do the calculations. Each
ounce is approximately 0.065 of a pound. So, if the scale reads 1 pound, 7 ounces, multi-
ply 7 by 0.065 (result: 0.45), then add in the number of pounds (1.45). The scale, in deci-
mal pounds, reads 1.45. It does not read 1.7!

Yet another method is to use a torque wrench, a common tool in the automotive
garage. Securely attach the wrench to the hub of the wheel, and turn the wrench until the
wheel begins moving. Don't turn the wrench more than you need to take a quick reading;
you may ruin the wrench otherwise.

Interpreting the Results

Consider that most robots use at least two motors for locomotion, one on each side. For
forward momentum, the motors will share the load; a reading of 5 inch-pounds repre-
sents the total torque to move the robot forward, but two motors need only develop (at
minimum) half that amount.

In reality, however, it is not uncommon to steer a robot with just one motor, and there-
fore, you should rely on the single-motor torque test as the minimum torque needed to
propel the robot. You will also want to take additional readings over various surfaces that
the robot will travel. This includes carpet as well as carpet/tile thresholds (the "bump" that
separates carpet from a tile, wood, or linoleum floor). If the robot is expected to run over
uneven ground, take incline measurements as well. You can set up incline boards using
lumber and stacks of books.

When It's Time for Math

Though empirical testing is a quick and fairly reliable method of determining the torque
requirements for your robot, you may still want to learn how to use the various inertial for-
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mulas intended for these calculations. Most any engineering book has them. The work
goes faster if you have a scientific calculator that can perform trig functions. The
Microsoft Windows Calculator, when switched to Scientific mode, is suitable.

Selecting the Right Stepper Motor

There are many types of stepper motors, but the two encountered most often are the
unipolar and bipolar. On the outside, both motors look the same; inside, the motors differ
by their electrical connections and windings. Both unipolar and bipolar motors are like two
motors sandwiched together and have two sets of windings. In a bipolar motor, the wind-
ings attach to the external power supply or driver circuit at their end points only; in a
unipolar motor there is an extra set of taps at the center of the two windings.

Though variations exist, the typical bipolar stepping motor has four leads; unipolar step-
pers have 5, 6, or 8 leads, depending on how the windings are connected internally.

Unipolar and bipolar motors require different actuation techniques. Most self-contained
stepper motor control ICs are designed for unipolar motors, and therefore tend to be less
expensive. Bipolar motors must always be powered in bipolar mode. Unipolar motors can
be powered in unipolar or bipolar mode. When used in bipolar mode, the center taps of
the unipolar motor are left unconnected.

Some additional considerations:

¢ Bipolar motors provide slightly higher torque, but can't always reach the same top
speeds of unipolar motors.

* Unipolar motors are more common on the surplus and used markets, making them
less expensive.

Motor Sizes

Stepper motors come in lots of sizes, but many are a standardized frame size, with a
standardized mounting plate. The following NEMA (National Electrical Manufacturers
Association) frame sizes are for the height and width of the motor; the length is undeter-
mined and can vary. The following sizes are for the mounting flange, which provides holes
at each corner for attaching the motor.

Motor Frame Size Mounting Flange Dimension Flange Hole Centers
NEMA 17 40mm, 1.57 inches 1.22 inches
NEMA 23 56mm, 2.22 inches 1.856 inches
NEMA 34 3.25 inches 2.739 inches

Bigger NEMA frame sizes exist, of course, but are used infrequently in small mobile
robots.

The length of the motor varies depending on its internal construction. Stepper motors
are often said to be single-, double-, or triple-stacked, which denotes the number of
“submotors” inside. The more stacks, the longer the motor. Additional stacks are used to
increase the torque of the motor.

Single or Double Shaft

It is not uncommon for stepper motors to have a shaft on both ends of its frame. The
shafts are usually the same diameter and length. One shaft is typically used to drive what-
ever load is required by the motor, and the other shaft is used for connection to some
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kind of feedback mechanism, such as a visible indicator or an optical encoder. In the case
of the latter, the optical encoder provides information to a control circuit on the position of
the motor shaft.

Stepper Phasing

A stepper motor requires a sequence of pulses applied to its various windings for proper
rotation. This is called phasing. By their nature, all stepper motors are at least two-phase.
Unipolar motors can be two- or four-phase, and some are six-phase.

Step Angle

Step angle is the amount of rotation of the motor shaft each time the motor is pulsed.
Step angle can vary from as small as 0.9 degrees (1.8 degrees is more common) to 90
degrees. The step angle determines the number of steps per revolution.

Pulse Rate

Stepper motors have an upper limit to the number of pulses they can accept per second.
Heavy-duty steppers usually have a maximum pulse rate (or step rate) of 200 or 300
steps per second, which equates to 60 to 180 rom. Some smaller steppers can accept a
thousand or more pulses per second.

It is important to note that stepper motors can't be motivated to run at their top speeds
immediately from a dead stop. To achieve top speeds, the motor must be gradually
accelerated (also called ramped).

Running Torque

Steppers motors provide more torque at slow speeds. This is opposite of DC motors,
which develop increased torque the faster they turn. The running torque of a stepper
motor determines the amount of work it can perform. The higher the running torque, the
larger the mass the motor can move.

Note that stepping motors are also rated by their holding torque, which the amount of
force the motor exerts when its windings are energized, but not pulsed. This imparts a
kind of braking effect where the motor will resist turning when you don't want it to.

Voltage and Current Ratings

Steppers for 5-, 6-, and 12-volt operation are not uncommon. Unlike DC motors, however,
using a higher voltage than specified doesn't result in faster operation, but more running
and holding torque. "Overvolting" stepper motors is a common technique for increasing
its torque. It's not uncommon to apply voltages of 100 to 500% over the rating on the
faceplate of the motor. However, in doing this the motor can get quite hot, and care must
be exercised to prevent overheating and damage.

The current rating of a stepper is expressed in amps or miliamps per energized phase.
The power supply must be able to deliver at least as much current as the specified rating
for the motor. For unipolar motors, two windings are powered at a time, requiring the
supply to deliver at least twice as much current as that specified. If, for example, the cur-
rent per phase is 1 amp, the minimum current requirement is 2 amps.
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Golf Car Catalog, The

Mountaintop Golf Cars, Inc.
9647 Hwy 105 South
Banner Elk, NC 28604

USA

[ (828) 9636775

[ (828) 963-8312

© (800) 328-1953

M FindIt@GolfCarCatalog.com

® http://www.golfcarcatalog.com/

202317

All replacement parts for golf cars, including motors
and batteries.

& B

Grainger (W.W. Grainger) 8 202928

100 Grainger Pkwy.
Lake Forest, IL 60045-5201
USA

{  (847) 535-1000
0 (847) 5350878
@ http://www.grainger.com/

Can you imagine rummaging through shelves holding
5 million different products? If you’re doubtful, take a
look at Grainger, one of the world’s leading retail indus-
trial supply companies. Their printed catalog is thicker
than a phone book and offers everything for your robot
building from plastic rods to fractional-horsepower
gearmotors. Obviously, that leaves 4,999,998 other
products, which I won’t describe here.

In addition to Grainger’s online presence, they have
some 600 local outlets that stock core merchandise.
Catalogs are available in printed form or on CD-ROM.
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Grainger Web site.

Hansen Corporation 204004

901 South First St.
Princeton, IN 47670-2369
USA

(  (812) 385-3415

U (812) 385-3013

ﬂ sales@hansen-motor.com

@ http://www.hansen-motor.com/

Manufacturers of miniature precision DC motors

(with/without encoders and gearheads) and stepper
motors.

& &

Haydon Switch and Instrument, Inc 204005

1500 Meriden Rd.
Waterbury, CT 06705
USA

(  (203) 756-7441

U (203) 756-8724

O (800) 243-2715

B4 info@hsi-inc.com

@ http://www.hsi-inc.com/

Makers of rotary and linear stepper motors. Available
through distributors or online.

&

Hiwin Technologies Corporation 204252

520 Business Center Dr.
Mount Prospect, IL 60056
USA

(  (847) 8272270

[ (847) 8272291

@ http://www.hiwin.com/

Providers of ball, ACME, leadscrews, DC motors, linear

actuators, linear bearings, rails and guides, positioning
tables, motor control circuits, and stepper motor drives.

2 &

Hurst Manufacturing 300004

1551 East Broadway
Princeton, IN 47670
USA

[ (812) 385-2564
[ (812) 386-7504
© (888) 225-8629 Ext. 244
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@ http://www.myhurst.com/

Hurst manufactures brushless DC, brushed DC, syn-
chronous, and stepping motors, as well as linear actua-
tors and gearboxes. Their motor/gearbox combos are
seen frequently on the surplus market; the Web site
provides helpful technical data and spec sheets if you
should find you’re the owner of one of these motors.
You can also buy some products online.

& g

Servo motor.

Johnson Electric Holdings Limited 203946

6-22 Dai Shun St.

Tai Po Industrial Estate
Tai Po, New Territories
Hong Kong

[ +8522663 6688
U +8522663 6110

@ http://www.johnsonmotor.com

Johnson Electric makes motors. You probably have a
half-dozen of them in your house, car, and computer.
They are commonly used in automotive, power tools,
home appliances, compact disc players, VCRs, printers,
faxes, and other business equipment, and toys.

You likely won’t buy directly from Johnson Electric, but
odds are you’ll run across their motors when buying
surplus. The Johnson Web site provides technical
details on its motors (requires Adobe Acrobat Reader).

=

KidsWheels

13266 Pond Springs Rd.
Austin, TX 78729
USA

(  (512) 257-2399

U (512) 257-0093

B4 Alf@KidsWheels.com

@ http://www.kidswheels.com/

203771

Monster trucks for kids: Perego, Fisher-Price Power
Wheels, and other makes. Can be ordered from the

Web site. Also offers parts, such as gearboxes, wheels,
and batteries.

& B

LEESON Electric Corporation

2100 Washington St.
P.O. Box 241

Grafton, WI 53024-0241
USA

[ (262) 377-8810

0 (262) 3779025

B4 leeson@leeson.com

@ http://www.leeson.com/

203975

Leeson sells big motors and small, with 4,000 off-the-
shelf models to choose from. Most are for industrial
applications and are available with or without a gear-
head. Check out their extensive technical reference
guide.

Offices in the U.S., Canada, Italy, and China.

2 & &

Mabuchi Motor America Corp. 202321

430 Matsuhidai
Matsudo
Chiba 270-2280

Japan

{ +81473841111

I/ +81 47 389 5299

B4 slsing@mabuchi-motor.co.jp

@ http://www.mabuchi-motor.co.jp/

Mabuchi makes motors, primarily for the small toy and
appliance market. Their Web site is useful for the spec
sheets available on current motor models. You can
search by application or part designation. The Web site
is in English and Japanese.

&

Magmotor Corporation 202849

7 Coppage Dr.
Worcester, MA 01603
USA

[ (508) 929-1400
0 (508) 929-1401
© (866) 246-6867
@ http://www.magmotor.com/
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High-performance DC servomotors (brush and brush-
less); the products are also sold through
RobotBooks.com. These are high-quality motors for
performance robotics, such as combat bots.

¢

Magmotor. Photo Robotbooks.com

Maxon Motor AG

Brnigstrasse 220
P.O. Box 263
CH-6072 Sachseln
Switzerland

{  +41 41666 1500
0 +41 41666 1650

ﬂ info@maxonmotor.com

202920

@ http://www.maxonmotor.com/

Nice precision gearmotors. You probably can’t afford
them new, but they’re neat to look at! The company
also sells DC servos, encoders, motor control units, and
gearheads (spur and planetary). Spec sheets and tech-
nical white papers are available at the Web site.

Maxon gearmotors occasionally become available on
the surplus market, and some are current product. You
can use the datasheets on the Maxon Web site to obtain
technical information on the motor.

¢

McMaster-Carr Supply Company 8 202121

P.O. Box 740100
Atlanta, GA 30374-0100
USA

{  (404) 346-7000
0 (404) 3499091

B4 atl.sales@mcmaster.com
@ http://www.mcmaster.com/

Literally everything you need under one roof: materials
(plastic and metal), fasteners, hardware, wheels,
motors, pipe and tubing, tools, bits and other tool
accessories, power transmission (gears, belts, and
chain), ball transfers, ball casters, spherical casters, reg-
ular casters, and many more. Walk-in stores are located
in Chicago, Ill.; Cleveland, Ohio; Los Angeles, Calif.,
and New Jersey.

2 & 1
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McMaster-Carr Web site.

Merkle-Korff Industries §

1776 Winthrop Dr.
Des Plaines, 1L 60018
USA

{  (847) 296-8800

U (847) 699-0832

B4 sales@merkle-korff.com

@ http://www.merkle-korff.com/

202821

Manufacturer of motors, including DC and DC gear-
head. You can choose from among stock motors that
are ready to ship and available online. Or, if you need
something specific, you can mix and match motors,
gearboxes, shafts, encoders, and other accessories from
among standardized parts.

See also MK Koford for motor drives, encoders, and
brush/brushless motors:

http://www.koford.com/

ST <
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Micromech 202189

5-8 Chilford Court

Braintree, Essex

CM7 2QS

UK

[ +44 (0) 1376 333333

0 +44 (0) 1376 551849

@ http://www.micromech.co.uk/

Purveyors of stepper and servo motors and their associ-
ated control circuitry. Also: DC gearhead motors, gear-
heads, and X-Y translation tables. Online sales, includ-
ing clearance items of old, discontinued, and demo
products.

& B

MicroMo Electronics, Inc. 202921

14881 Evergreen Ave.
Clearwater, FL 33762-3008
USA

(  (727) 572-0131

U (727) 573-5918

O (800) 819-9516

B4 mmeweb@micromo.com

@ http://www.micromo.com/

MicroMo Electronics manufactures high-quality micro
and miniature motors. This stuff ain’t cheap, but if you

need precision and power, this is the way to go. The
company’s product line includes:

® Coreless DC motors

® Permanent magnet and brushless DC motors
® Gearheads

* Encoders and tachometers

* Brakes

¢ Controllers and amplifiers

¢ Stepping gearmotors and drivers

SEE ALSO:

Micro-Drives for miniature gearhead motors—
http://www.micro-drives.com/

Parent company Faulhaber (based in Germany)—
http://www.faulhaber.com/

The Web site provides a noncommerce product cata-
log, plus short technical articles on such topics as “What
Is a Permanent Magnet DC Motor?” Many articles
include links to datasheets, application notes, and even
exploded views of motor innards. Sells direct in North
America; through distributors elsewhere.

4

Minarik Corporation

Small motor.

203510

905 East Thompson Ave.
Glendale, CA 91201
USA

{ (818) 637-7500

0 (818) 637-7509

S (800) 427-2757

@ http://www.minarikcorp.com/

Full-line mechanical (bearings, shafts, gears, chain, etc.);

electronics (PWM drives and sensors); online ordering
plus many local warehouses throughout the U.S.

2 & Ba

Motion Group, Inc., The 202993
P.O. Box 669

Clovis, CA 93613-0669

USA

0 (559) 325-7117

S (800) 424-7837

B4 sales@motiongroup.com

@ http://www.motiongroup.com/

Motion Group supplies industrial-strength stepper
motors and motion control products, particularly the

components need for CNC retrofits of metalworking
lathes and mills.

& B

Motor Selection Primer 204125

http://www.aveox.com/primer.html

‘Which motor to choose? This short primer answers the
basic questions.

National Power Chair 202169

4851 Shoreline Dr.
P.O.Box 118
Mound, MN 55364
USA
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{  (952) 472-1511

0 (952) 472-1512

© (800) 444-3528

ﬂ info@npcinc.com

@ http://www.npcinc.com/

What do wheel chairs and battling robots have in com-
mon? They both use high-power gearmotors from
National Power Chair. This company began rebuilding
motors and gearboxes for the wheelchair industry in
1981. Their product line includes over 100 different
models manufactured since the year The Beatles
released the song “Ticket To Ride.”

See also NPC Robotics—
http://www.npcinc.com/robots/

See also battery rechargers—
http://www.npcinc.com/rchargers.html

NPC’s robotics page also includes wheels and hubs, as
well as specially selected motors for large robots.

@& I B

Model 41250. Photo National
Power Chair Inc.

NPC Robotics

See listing for National Power Chair (this section).
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Example power window motor.

Oriental Motors 202923

2570 W. 237th St.
Torrance, CA 90505
USA

[ (310) 784-8200

¢ (310) 325-1076

O (800) 816-6867

@ http://www.orientalmotor.com/

Oriental makes stepper and DC motors for industrial

process control. They are common on the surplus mar-
ket. Spec sheets are available at the Web site.

E @ &

Pacific Scientific 203436

4301 Kishwaukee St.
P.O. Box 106

Rockford, IL 61105-0106
USA

[ (815) 226-3100

[ (815) 226-3148

B4 customer_service@atg.pacsci.com
@ http://www.pacsci.com/

High-performance motors. Stepper, servo, and DC.

¢ &

Picard Indistries 202360

4960 Quaker Hill Rd.
Albion, NY 14411
USA

{  (716) 589-0358

0 (716) 589-0358

B4 jcamdep4@iinc.com

@ http://www.picard-industries.com/

Picard specializes in miniature smart motors and sen-

sors. Their product line includes programmable sole-
noids, motor control, and sensors.

¢

Pittman 202511

343 Godshall Dr.
Harleysville, PA 19438
USA

( (215) 256-6601

0 (215) 256-1338

M info@pittmannet.com

@ http://www.pittmannet.com/

Pittman is a major U.S. manufacturer of brush and
brushless DC motors (standard and servo), many of

them with built-in gearboxes. A number of the motors
you may buy surplus were manufactured by Pittman, and
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you can find many datasheets on Pittman product on
the Web site. Pittman motors are available through dis-
tributors, but most regular folks won’t be able to afford
them new. Keep an eye out for them in surplus stores.

2 O &

Flatted shaft vs...

...a keyway shaft.

Pontech 202837

9978 Langston St.
Rancho Cucamonga, CA 91730
USA

(  (413) 235-1651

© (877) 9859286

V‘j info@pontech.com

@ http://www.pontech.com/

Pontech produces low-cost servo and stepper motor
controllers. Their SV203 product can control up to
eight R/C servos and has the ability to be commanded
by computer, joystick, or infrared remote control (dif-
ferent versions of the SV203 are available with unique
features).

The company’s Windows-based animation software is
used to prepare a series of actions for the servos and is
useful for “show bots” that repeat a series of moves.
Pontech offers for sale standard R/C servos and stepper
motors that have been tested with their other products.

For an example walking robot that uses the SV203 con-
troller, see Six-Legged Walking Robot at:

http://www.pontech.com/files/hexol.htm

& B

Portescap 202924

157, rue Jardiniere
La Chaux-de-Fonds, CH-2301
Switzerland

( +41329256111
0 +41 32 925 6596
® http://www.portescap.com

Precision Swiss-made ironless DC and brushless DC
motors, gearmotors. Very nice. Very compact. Very
expensive. Distributed in the U.S. by Danaher
Motion.

Portescap also manufactures disc stepper motors, plan-
etary gearheads, and spur gearheads.

2 & &

RAE Corp. 203972

4615 W. Prime Parkway
McHenry, IL 60050-7037
USA

{ (815) 385-3500
0 (815) 363-1641
O (800) 323-7049
“ raesales@raemotors.com

@ http://www.raemotors.com/

RAE offers fractional-horsepower, permanent magnet,
DC brush-type motors; parallel shaft and right-angle
gearmotors; as well as DC motor drives. RAE motors are
often found on large combat robots; models range
from “small” 1/70 horsepower to 1/3 horsepower.
Gearboxes are heavy-duty, with many right-angle worm
drives, capable of propelling a robot weighing several
hundred pounds. Motors can be purchased through
distributors, and several are available from Grainger
under the Dayton brand-name.

= &

Automotive window motor, with gearbox.
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RMB Roulements Miniatures SA 204011

Eckweg 8

Box 6121

CH-2500 Biel-Bienne 6
Switzerland

{  +41 32344 4300

00 +41 32 344 4301

B4 info@rmb-group.com

@ http://www.rmb-ch.com/

Makers of incredible small miniature bearings and
Smoovy motors. For the latter, see:

http://www.smoovy.com/

&

Robotic Power Solutions 204215

305 9th St.
Carrollton, KY 41008
USA

{  (502) 639-0319

B4 sjslhill@bellsouth.net

@ http://www.battlepack.com/

Specializing in combat robot parts, the company sells
ni-cad and NiMH battery packs, chargers, and cobalt
AstroFlight gearmotors. Their “Battlepack Kits” include
batteries, wires, support bars, heat-shrink tubing, and
padding foam.

& B

Rockwell Automation 203871

Firstar Building

777 East Wisconsin Ave.

Ste. 1400

Milwaukee, WI 53202

USA

(  (414) 212-5200

U (414) 212-5201

@ http:/ /www.rockwellautomation.com/

Rockwell Automation manufactures a broad line of
automation electronics and components: stepper
motors, servo motors, encoders, linear motion prod-
ucts—about 500,000 items in all . . . a little too many to
list here. Products are available from distributors and
through company online stores.

Covers the following brands:
Allen Bradley (http://www.ab.com/) and Electro-Craft
Reliance Electric (http://www.reliance.com/)
Dodge PT (http://www.dodge-pt.com/)

Rockwell Software
(http://www.software.rockwell.com/)

¢ &

Smoovy/RMB Group 202508

Eckweg 8, case postale 6121
CH 2500 Biel-Bienne 6
Switzerland

[ +41 32344 4300

[0 +41 32344 4301

B4 info@rmb-group.com
@ http://www.smoovy.com

Manufacturer of Swiss-made precision motors, gearmo-
tors, linear actuators, and controllers. The Web site also
provides several technical white papers and technical
briefs on motor selection and control. Smoovy motors
are tiny. Did I say tiny? Make that tiny! Their model
SPE39004 gearmotor is only 3.4mm wide at its thickest
and is but 15mm long, including the shaft. You could
swallow the thing and not even know it.

& g

Sullivan Products 204217

1 North Haven St.
P.O. Box 5166
Baltimore, MD 21224
USA

(  (410) 732-3500
U (410) 327-7443
M sales@sullivanproducts.com

® http://www.sullivanproducts.com/

Sullivan manufactures accessories for performance R/C
aircraft. They offer a number of hardware-related items
like pushrods and landing gear, but also of interest is
their electric starter for gasoline-powered airplane
engines. Starter motors exhibit high torque and are ideal
for use in robot drives, and they tend to be affordably
priced compared to many other motors in the same class

& B

Motors from cordless drills make for
good robot power plants.
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Superior Electric 202628

383 Middle St.
Bristol, CT 06010
USA

[ (860) 585-4500
[0 (860) 589-2136
@ http://www.superiorelectric.com/

Makers of industrial DC motors, brushed and brushless.
SEE ALSO:

http://www.slosyn.com/

& &

Tamiya America, Inc.-Educational § 203143

Attn: Customer Service

2 Orion

Aliso Viejo, CA 92656-4200
USA

[ (949) 362-6852
O (800) 826-4922

® http://www.tamiyausa.com/
product/educational /

Tamiya is one of the largest plastic model manufactur-
ers in the world. Just about every model maker has
built at least one Tamiya tank, car, or other vehicle.
Lesser known is that Tamiya sells a broad line of edu-
cational mechanical components, including robot
kits, motor Kkits, pulleys, wheels, and more. Tamiya is
based in Japan, and they have offices all over the
world. I picked Tamiya’s U.S. distribution office, but
their products are available everywhere. See the com-
pany’s Web site for locations of other distributors and
dealers:

http://www.tamiya.com/

Tamiya’s Educational Kits includes these useful proj-
ects. Almost all are constructing with a precut plywood
base.

¢ Lightsensing electronic robot-item 75013
® Dung beetle electronic robot-item 75014

® Powered forklift (with 2-channel wired remote)-item
70070TA

¢ Earth-moving dump truck (with 3-channel wired
remote)-item 70067TA

e Wall-hugging mouse-item 70068
e Remote-controlled bulldozer-item 70104

® Power shovel/dozer-item 70107

e Tracked vehicle chassis-item 70108
¢ 4WD chassis-item 70113

Tamiya’s Robots & Construction line includes a num-
ber of motors. These are made with molded plastic,
and many can be built using a number of reduction
ratios.

Tamiya Inc.

Tamiya is one of the world's largest
makers of plastic models. They also
made a complete line of educational
mechanical components, including
motorized

gearboxes,

wheels, .

plastic chain, ’.'E{ k"f—‘}
rubber f‘«

tracks, and
more.

A Tamiya motor, ready for assembly

One of the most useful is a dual-gear
motor, which consists of two small
motors and independent drive trains.
You can connect the long output shafts
to wheels, legs, or tracks.

One of their most popular kits is a
tracked tractor/shovel that is
controlled via a switch panel. You can
substitute the switch panel with
computerized control circuitry (relays
make it easy, but you could also use
power transistors or an H-bridge),
providing for full forward and backward
movement of the tank.

Tamiya can be found at the following
Web sites:

http://www.tamiya.com/
http://www.tamiyausa.com/

3
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® 3-speed crank axle gearbox-item 70093
* Planetary gearbox-item 72001

¢ Twin motor gearbox-item 70097

* High-speed gearbox-item 72002

* High-power gearbox-item 72003

® 4-speed crank axle gearbox-item 70110

* Worm gearbox-item 72004 (this is one of my per-
sonal favorites)

* 6-speed gearbox-item 72005
And tires/wheels (always sold in pairs). These tires are
made to work with the above motors.

e Off-road tires-item 70096

e Truck tire set (two pair)-70101

e Sports tire set-item 70111

e Narrow tire setitem 70145

Additional mechanical items include:
® Ladder-chain and sprocket set-item 70142
e Ball caster (set of two)-item 70144
* Pulley unit set-item 70121
e Pulley set/small-item 70140
e Pulley set/large-item 70141
e Track and wheel set=70100
Finally, they sell a line of battery boxes, switches, 2- and

4-channel wired remote-control boxes, mechanical
switches, and sound-activated switches.

Fine products, indeed, but they can sometimes be hard
to find. Few retail stores, even well-stocked hobby shops,
carry the Educational product line, let alone everything.
Your best bet is online sales such as Towerhobbies.com.
Try this Google.com search phrase for starters:

tamiya educational motor

& I a5

Tamiya mouse Kkit.

Team Delta Engineering

1035 North Armando St., Unit D
Anaheim, CA 92806
USA

I (208) 692-4502
ﬂ dan@teamdelta.com
@ http://www.teamdelta.com/

202174

Home of Team Delta robot combat group. Also sells
components and other goods in support of combat
robotics.

* Switches, wire, and passives

e R/C electronic switch interfaces

* R/C electronic specialty interfaces

¢ [IFI Victor 883 power controller

¢ Antennas, power converters, and power supplies
e Stock books, T-shirts, stickers, and videos

® Mechanics

e The Team Delta bookshelf

® Kits, learning, and services

& B

Gear motor. Photo Team Whyachi.

Team Whyachi LLC 204219

814 E. 1st Ave.

P.O. Box 109
Dorchester, WI 54425
USA

B4 info@teamwhyachi.com
® http://www.teamwhyachi.com/

Team Whyachi is both an entrant in combat-style robot
contests and an online retailer of high-performance
parts for combat bots. Their small but still quite useful
product line includes high-power gearmotors, wheels,
and motor speed controls.

& B



38 ACTUATORS-MOTORS

High powered Etak motor motor.
Photo Team Whyachi.

Wilde EVolutions, Inc. 203576

18908 Hwy 99, Ste. A
Lynnwood, WA 98036-5218
USA

[ (425) 672-7977

[ (425) 672-7907

© (800) 327-8387

ﬂ info@wilde-evolutions.com

@ http://www.wilde-evolutions.com/

Electric vehicles and parts, such as high-capacity batter-
ies, motors, high-current relays, and speed controllers,

for golf carts and other small electric vehicles and
scooters.

& B

ZapWorld.com 204220

117 Morris St.
Sebastopol, CA 95472
USA

[ (707) 824-4150

0 (707) 8244159

© (800) 251-4555

B4 zap@zapworld.com

@ http://www.zapworld.com/

ZapWorld sells motors, batteries, and parts for small
electric vehicles, namely bikes, ground scooters, and
aquatic scooters (as well as some odd stuff, such as per-

sonal hovercrafts). Use the stuff for your own perform-
ance robots.

& E pa
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Electrical motors and pressure systems (pneumatic and
hydraulic) make up the bulk of actuators. But other
types—primarily electrically driven solenoids—exist
and are included here.

SEE ALSO:

ACTUATORS-MOTORS: DC motors

ACTUATORS-SHAPE MEMORY ALLOY: Wire that
contracts when heat/electricity is applied

ACTUATORS-PNEUMATIC: Air-driven cylinders
and motors

RETAIL-GENERAL ELECTRONIC: Where to buy
solenoids

BICRON Electronics Company 203671

50 Barlow St.
Canaan, CT 06018
USA

{ (860) 8245125

[0 (860) 824-1137

B4 info@solenoid.com

® http://www.solenoid.com

Distributor of solenoids. Tubular and frame, pull and

push. Downloadable technical guide in Adobe Acrobat
PDF format.

¢ o=

Open frame solenoid.
Photo Bircon
Electronics Co.

Densitron Technologies plc 202175

Unit 4, Airport Trading Estate
Biggin Hill

Kent

TN16 3BW

UK

{  +44 (0) 1959 542000
0 +44 (0) 1959 542001

ﬂ europe.sales@densitron.net
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@ http:/ /www.densitron.com/

Densitron is a maker of electromechanical compo-
nents-including rotary solenoids, stepper motors, and
electric clutches, as well as computer-related product
such as displays.

&

Google Search: Relays & Solenoids 202692

http://directory.google.com/Top/Business/
Industrie/Electronics_and_Electrical/
Relays_and_Solenoids/

Google.com’s category list for relays, solenoids, and
related electromechanical devices.

[ 3
Cylindrical solenoid.
' \
Use the clevis end of a
solenoid shaft to attach to
linkages.
Ledex 204187

801 Scholz Ave.
Vandalia, OH 35377-0427
USA

{ (937) 454-2345
U (937) 898-8624
@ http://www.solenoids.com/

Ledex makes solenoids-rotary and linear. They’re sold
through distributors or online; you can obtain spec
sheets and technical data about their products, and
solenoids in general, at the Web site.

& B
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Pressure systems perform work from the pressure of gas
(pneumatic) or liquids (hydraulic). For the most part,
hydraulic systems are too large, heavy, and expensive
for use in amateur robotics, and they can be messy if
there is a leak. Pneumatic systems, using compressed
air, are common and affordable. So, we’ll cover just
pneumatic systems.

The resources in this section specialize in pneumatic
systems, including pumps, air reservoirs, air cylinders,
air motors, and pressure-control valves. Not listed here
are pneumatic tools, which are air powered, and
include the components that can be cannibalized for
use in a robot, such as the air motor from a drill or
retrofitting a 12-volt solenoid to operate the trigger
valve from an old ratchet wrench.

SEE ALSO:
ACTUATORS-MOTION PRODUCTS: Mechanical
motion devices, such as linear stages
ACTUATORS-MOTORS: DC motors

ACTUATORS-SHAPE MEMORY ALLOY: Wire that
contracts when heat/electricity is applied

TOOLS AND TOOLS-POWER: Pneumatic power
tools

Air America, Inc. 202173

2240 Elmhurst Road
Elk Grove Village, IL 60007
USA

( (847) 545-9999

U (847) 5450275

M Sales@airamerica.com

@ http://www.airamerica.com/

High-pressure air systems and regulators for paintball.

Some of the components can be used for air-powered
robots.
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In Europe the address is: © (800) 848-7681
Air America UK B4 service@airpot.com
Sprawls Farm, Bures Road ® http://www.airpot.com/

West Bergholt, Colchester

Essex CO6 3DN. UK Airpot makes what’s known as air-damping dashpots-

basically, miniature shock absorbers. Dashpots provide

Tell: +44 (0) 1206 240831 resistance to linear motion and are often used to
Tel2: +44 (0) 1206 243450 reduce the sudden jarring of a lever or a bar moving in
Fax: +44 (0) 1206 240821 one direction or the other. The company also sells a

. . line of small air cylinders using the trade name Airpel.
sales@airamerica-uk.com

& B & @
Airpot Corporation 204249 | Applied Industrial Technologies
35 Lois St. 203445
Norwalk, CT 06851 One Applied Plaza
USA Cleveland, OH 44115-5053
[ (203) 846-2021 USA
[0 (203) 849-0539 [ (216) 426-4189
Pressure Actuation Systems .
.
Motors are amazingly powerful for their size. Imagine: &1\
Something the size of a walnut can propel a 1-pound robot \\
across the room. But if that seems incredible to you, con- \ ol
sider the amount of work that a pressure actuation system L

can produce. Pressurg is. proyided in the form of air or other e GRS UED ST G
gas, or some kind of liquid. Air-pressure systems are called  provide powerful linear motion.
pneumatic; liquid-pressure systems are called hydraulic.

Both are more bulky than motor actuators, but they can

also provide a lot more power.

You've seen hydraulic power at work if you've ever watched a bulldozer go about mov-
ing dirt from pile to pile. And, while you drive, you use it every day when you press down
on the brake pedal. Similarly, pneumatic power uses air pressure to move linkages.
Pneumatic systems are cleaner than hydraulic systems, but all things considered, aren't
as powerful.

Hydraulic and pneumatic systems are pressurized using a pump. The pump is driven by
an electric motor, so in a way, robots that use hydraulics or pneumatics are fundamentally
electrical. The exception to this is using a pressurized tank, like a SCUBA tank, to provide
air pressure in a pneumatic robot system. Eventually, the tank becomes depleted and
must either be recharged, using some pump on the robot, or removed and filled back up,
using a compressor.

Hydraulic and pneumatic systems are rather difficult to effectively implement, but they
provide an extra measure of power over DC and AC motors. With a few hundred dollars
in surplus pneumatic cylinders, hoses, fittings, solenoid valves, and a pressure supply
(battery-powered pump, air tank, regulator), you could conceivably build a hobby robot
that picks up chairs, bicycles, even people.

If you wish to experiment with pressure systems, | recommend first starting with pneu-
matics. The components are cheaper, and leaking air requires no cleanup, whereas leak-
ing hydraulic fluid (the same basic stuff as power steering fluid) is very messy.
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0 (216) 426-4820

O (877) 279-2799

B4 products@apz-applied.com

® http://www.appliedindustrial.com/

Industrial bearings, linear slides, gears, pulleys, pneu-
matics, hydraulics, and other mechanical things. Also
hosts Maintenance America, online reseller of indus-
trial maintenance supplies and general industrial sup-
plies (wheels, casters, fasteners, and more), tools,
paints, and adhesives.

e & B ka

Tie-rod air cylinder.

Big Boys Toys 203865

1554 West Branch St.
Arroyo Grande, CA 93420
USA

( (805) 481-0873

O (888) 520-7458

B4 info@bbtpaintball.com

® http://www.bbtpaintball.com/

Online sellers of paintball air pumps, air regulators,

and other components. With some ingenuity, these can
be adapted for use in pneumatically powered robots.

& $ B

Bimba Manufacturing Company 204113

P.O. Box 68

Monee, IL 60449-0068

USA

( (708) 534-8544

U (708) 2352014

O (800) 442-4622

B4 support@bimba.com

@ http://www.bimba.com/

Bimba is one of the most recognized brands of pneu-
matic cylinders and associated components. Basically, if
it exists in Pneumatic Land, Bimba makes and sells it.
Their product is sold through distributors, but because
of its popularity among designers, you'll regularly see

Bimba cylinders- new and used-at surplus stores. Check
surplus stores first, and if it’s not available, consider
ordering it from a Bimba representative.

ST <

Double-acting cylinder.

Clippard Minimatic, Inc. 203037

7390 Colerain Ave.
Cincinnati, OH 45239
USA

[ (513) 521-4261

I (513) 521-4464

O (877) 245-6247

@ http://www.clippard.com/

Manufacturer of pneumatic and electronic control

devices-cylinders, solenoid valves, and control electron-
ics. Available online or through distributors.

2 &

Fiero Fluid Power, Inc. 202172

5280 Ward Rd.
Arvada, CO 80002
USA

{  (303) 431-3600

O (800) 638-0920

ﬂ fiero@fierofp.com

@ http://www.fierofp.com/

and
line

Distributor of automation, motion control,
machine-framing products. Their product
includes:

* Bimba-pneumatics

¢ 80/20-machine framing

¢ Tol-O-Matic -pneumatics

* Watts-air valves

¢ Foster-air fittings

* Robohand-translation stages

e Skinner Valve
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® Mosier-pneumatics
¢ Turn Act-translation stages
Offices in Denver, Colo., and Salt Lake City, Utah.

E ka

Ball joint on end of air cylinder
for attaching to linkages.

Close-up of an air cylinder
shaft.

McKibben Artificial Muscles 202018

http://rcs.ee.washington.edu/BRL/devices/
mckibben/

The McKibben Artificial Muscle is a pneumatic actuator
that its developers say exhibits properties found in real
muscle. It’s basically a rubber balloon in a plastic mesh,
but while it looks simple enough, to make it work right
requires some planning and engineering.

a
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Paintball-Online.com 203866

7340 SW Hazelfern Rd.
Portland, OR 97224
USA

[ (503) 620-4847

U (503) 620-5737

© (800) 875-4547

B4 sales@paintball-online.com

@ http://www.paintball-online.com/

Air pumps, CO2 and N2 air systems, fill stations, expan-
sion chambers and regulators, and other components

for paintball. Use as well for making pneumatically
powered robots.

Pass thru air manifold.

Tee air splitter.
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ALLOYS

A shape memory alloy (SMA) is a metal material that
undergoes molecular change when heated. Most SMAs
are manufactured so that they contract mainly in one
direction when heated. The material is electrically con-
ductive, so passing a current through it causes it to heat
up. The most common application for SMAs in robotics
is as “artificial muscles.” The SMA wire acts as a kind of
small solenoid when electricity is applied.

SMA material is sold by a variety of companies world-
wide. This section lists both the manufacturers of shape
memory alloys, as well as mail-order retailers who will
sell to consumers. Most retailers sell sample packs so
you can experiment with SMA. The material is available
in bulk, if you happen to need a lot of it.

SEE ALSO:
BOOKS-ROBOTICS: Some books have been written
about using SMA

RETAIL-ROBOTICS SPECIALTY: Sellers of con-
sumer robot kits and parts often sell SMA kits

ROBOTS-HOBBY & KIT: Robotic kits that use SMA

Dynalloy, Inc. 203094

3194-A Airport Loop Dr.
Costa Mesa, CA 92626-3405
USA

(  (714) 436-1206
U (714) 436-0511
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B4 sales@dynalloy.com

@ http:/ /www.dynalloy.com/

Dynalloy is a manufacturer of shape memory alloys spe-
cially made to be used as actuators. Offers wire by the
meter, sample kits, and precrimped Flexinol (for ease
in attaching it to things).

&

Memory-Metalle GmbH 204047

Am Kesselhaus 5
D-79576 Weil am Rhein
Germany

[ +49 (0) 7621 799121

0 +49 (0) 7621 799244

ﬂ info@memory-metalle.de

@ http://www.memory-metalle.de/

Shape memory alloy (SMA) products, services, and
technical details. Web site is in English.

Memry Corp.

3 Berkshire Blvd.
Bethel, CT 06801
USA

{  (203) 739-1100
U (203) 798-6606
O (866) 466-3669
m productinfo@memry.com

204045

® http://www.memry.com/

From the Web site, “Memry Corporation is a recog-
nized leader in the development, manufacturing and
marketing of semi-finished materials (wire, strip and
tubing), components and assemblies utilizing the prop-
erties exhibited by shape memory alloys, in particular
nickel titanium (Nitinol or NiTi).”

Mondo-tronics Inc. 203735

PMB-N, 4286 Redwood Hwy.
San Rafael, CA 94903
USA

( (415) 491-4600
0 (415) 491-4696
ﬂ info@musclewires.com

@ http://www.musclewires.com/

Reseller of shape memory alloy; books, and kits. Sold
through distributors or the company’s RobotStore.com
Web site.

1 E

Nanomuscle, Inc.

2545 West Tenth St.
Ste. A

Antioch, CA 94509
USA

[ (925) 776-4726
U (925) 7559572

B4 sales@nanomuscle.com

202825

@ http://www.nanomuscle.com/

Nanomuscle is a specially manufactured shape memory
alloy that does the job of a miniature solenoid. Apply
voltage, and the Nanomuscle actuator contracts several
millimeters; remove voltage, and the device relaxes. A
developer’s kit is available, and the company provides
onsite purchasing in quantities of 25 or more units, only.

My personal note: When I checked their prices I felt
they wanted too much money for these things. Wait
until the price becomes more reasonable- under $15.

& g

Nitinol Devices & Components 202975

47533 Westinghouse Dr.
Fremont, CA 94539

USA

[ (510) 623-6996

U (510) 623-6995

ﬂ sales@nitinol.com

@ http://www.nitinol.com/

In the words of the Web site, “NDC is a leading supplier
of Nitinol materials (wire, tube, sheet, strip, and bar)
and components to the medical and commercial indus-
tries worldwide.” Datasheets of products are provided
for download.

¢ &

Shape Memory and Superelastic

Technologies 204046

http://www.smst.org/

Volunteer organization of industry professionals dedi-
cated to disseminating technical education of shape
memory and superelastic properties, especially Nitinol
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Building Robots with Shape Memory Alloy

As early as 1938, scientists observed that certain metal
alloys, once bent into odd shapes, returned to the original
form when heated. This property was considered little more
than a laboratory curiosity because the metal alloys were
weak, difficult and expensive to manufacture, and broke
apart after just a couple heating/cooling cycles.

Research into metals with memory took off in 1961, when
William Beuhler and his team of researchers at the U.S.
Naval Ordnance Laboratory developed a titanium-nickel The Stiquito robot uses tiny
alloy that repeatedly displayed the memory effect. Beuhler SMA wires for walking
and his cohorts developed the first commercially viable g"“sc’:sé"fp ”‘?’tto JETES
shape memory alloy, or SMA. They called the stuff Nitinol, a e
fancy-sounding name derived from Nickel Titanium Naval Ordnance Laboratory.

Since its introduction, Nitinol has been used in a number of commmercial products—but
not many. For example, several Nitinol engines have been developed that operate with
only hot and cold water. In operation, the metal contracts when exposed to hot water,
and relaxes when exposed to cold water. Combined with various assemblies of springs
and cams, the contraction and relaxation (similar to a human muscle) causes the engine
to move.

In 1985, a Japanese company, Toki Corp., unveiled a new type of shape memory alloy
specially designed to be activated by electrical current. Toki's unique SMA material, trade
named BioMetal, offers all of the versatility of the original Nitinol, with the added benefit of
near-instant electrical actuation. BioMetal and materials like it—Muscle Wire from Mondo-
Tronics or Flexinol from Dynalloy—has many uses in robotics, including as novel locomo-
tive actuation. From here on out we'll refer to this family of materials generically as shape
memory alloy, or simply SMA.

At its most basic level, SMA is a strand of nickel titanium alloy wire. Though the material
may be very thin (a typical thickness is 0.15mm—slightly wider than a strand of human
hair), it is exceptionally strong. In fact, the tensile strength of SMA rivals that of stainless
steel: The breaking point of the slender wire is a whopping six pounds. Even under this
much weight, SMA stretches little. In addition to its strength, SMA also shares the corro-
sion-resistance of stainless steel.

Shape memory alloys need little support paraphernalia. Besides the wire itself, you
need some type of terminating system, a bias force, and an actuating circuit. Companies
that sell SMA materials provide these components, or information on them.

Not all sources of shape memory alloy sell to individuals or in small quantities. The pre-
mier resellers of SMA to the public are:

DYNALLOY, Inc.
http://www.dynalloy.com/

Mondo-tronics Inc.
http://www.musclewires.com/

Stiquito
http://www.stiquito.com/
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alloys. Conference procedures and links to companies
and other organizations involved in shape memory alloys.

*

Shape Memory Applications, Inc. 202985

1070 Commercial St.
Ste. 110

San Jose, CA 95112
USA

{ (408) 727-2221

U (408) 727-2778

@ http://www.sma-inc.com/

Manufacturer of shape memory alloy, include tube, sheet,
and foil.

Special Metals Corporation 204048

3200 Riverside Dr.
Huntington, WV 25705-1771
USA

{  (304) 526-5100

S (800) 334-4626

B4 info@smcwv.com

® http://www.specialmetals.com/

Makers of shape memory alloy materials. Technical docu-
ments available for download in Adobe Acrobat PDF format.

& &

Stiquito 202248
Micro Robotics Supply, Inc.

101 Pendren PL.

Cary, NC 27513-2225

USA

B4 stiquito@stiquito.com

@ http://www.stiquito.com/

Stiquito is a small and simple robot that uses shape
memory alloy (SMA) wire for movement. This is offi-
cial Stiquito page, maintained by author Jim Conrad,
and supports the product and several books written
about it.

& B

TiNi Alloy Company 204044

1619 Neptune Dr.
San Leandro, CA 94577
USA

{  (510) 4839676

U (510) 483-1309

B4 info@tinialloy.com

@ http://www.sma-mems.com/

TiNi is involved with R&D to produce a thin-film shape
memory alloy to activate microminiature (MEMS) actu-
ators, including “millivalves” and “microvalves.”

&=

Toki Corp. 204043

B4 biometal@toki.co.jp
http://www.toki.co.jp/BioMetal/_index.html

From the Web site, “BioMetal is one of Ti-Ni based
Shape Memory Alloys; however, its properties are spe-
cially arranged for use in our own-manufactured actua-
tors. The material being metal, it provides smooth and
living creature-like (biological) movements, thus it has
been named ‘BioMetal.” BioMetal is offered in the form
of a thin wire (BioMetal Fiber) which, facilitating elec-
trical current passage, performs best in tensile-direc-
tional usage.”

&
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9 BAR CODING

Bar codes are used to uniquely identify objects and are
so commonplace in our society that we take them for
granted. For robotics, bar codes can be used as a way to
program them, as well as for navigation and object
detection.

A typical bar code system includes a reader (usually a
hand-held wand, but also a hand-held reader that uses a
CCD or laser element), and a bar code interface to
translate the black-and-white hashes into usable data.
Specialty printers are available for preparing bar codes,
though they are not strictly needed for most robotics
applications. Bar code printing software allows you to
print bar codes on standard laser or ink-jet printers.

Most manufacturers of bar code equipment listed in
this section will not sell directly to the general public;
however, they provide useful technical details not only
about their products, but also about the science of bar
coding. There are numerous online retailers specializ-
ing in bar code hardware and software; the ones listed
in this section are representative of the hundreds that
are out there.

Bar Code Discount Warehouse, Inc. 202727

2950 Westway Dr.

Ste. 110

Brunswick, OH 44212
USA

{  (330) 220-3699

U (330) 220-3099

O (800) 888-2239

M sales@bcdw.com

® http://www.bcdw.com

Online reseller of bar-coding products and supplies.
Products listed by category or manufacturer.

& B

Barcode Direct

Ste. 2, 40 Radnor Rd.
Galston, NSW 2159
Australia

{  +6129653 3030

U +6129653 3130

B4 info@barcodedirect.com.au

@ http://www.barcodedirect.com.au/

202725

Bar code wands and systems; CCD and laser readers;
and bar code label printers.

Of special interest are the articles on bar code tech-
nologies and applications. Among the gems:
® “Sizing Applications for 2D Symbols”—a detailed
overview of 2D codes, like Maxicode, used

by UPS.

¢ “Introduction to Barcoding Technology”—fairly in-
depth basics on bar codes.

® “An Introduction to Radio Frequency”—short dis-
course on RFID identification.

& B

BARCODE Island 203727

http://www.barcodeisland.com/

Barcode Island is an informational Web site for devel-
opers interested in using bar codes. Technical informa-
tion includes symbology sets; a user-to-user forum
allows visitors to ask and answer questions.

*

Barcode Mall 202718

503 Marten Rd.
Princeton, NJ 08540
USA

{  (908) 359-7023

' (908) 359-1203

m albarcode@barcodemall.com
® http:/ /www.barcodemall.com/

Bar code wands, CCD and laser scanners, printers, and
label supplies.

& B

Barcode Store 202720

c¢/0 HALLoGRAM Publishing

14221 E 4th Ave.

Ste. 220

Aurora, CO 80011

USA

[ (303) 340-3404

0 (303) 340-4404

B4 sales@barcodestore.com

@ http:/ /www.barcodestore.com/

Online and mail-order retailer of bar code wands, CCD

scanners, laser scanners, printers, labels, software, and
supplies.

& B

Copyright 2003 by Gordon McComb. Click Here for Terms of Use.
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Practical Robotics Applications for Bar Coding

Bar codes are used to identify packages in shipment, mail in the post office, food at the
grocery store, even the book you're reading now. The same technology behind bar cod-
ing for product identification can be used by robots. The components needed for bar
coding include a printed bar code (which you can make with any printer), a reader or
wand, and a code translator.

There are many types of bar codes, based on different coding sequences. A common
bar code is Code 39 (also known as Code 3-0f-9), which can encode both text and num-
bers. Most commercial bar code printing and scanning hardware/software can work with
Code 39.

For a robotic application, you can interface a bar code wand to the computer or micro-
controller of a robot. Scan the code, and the information is fed into the robot. Here are
some ideas for using bar codes with robotics:

* Prepare coded programming strips, such as “wander” or “seek can of soda.” The robot
reads the code and is programmed for action.

* Place bar codes along the wall baseboard, for a wall-following robot. Attach a bar code
wand (or better yet a CCD scanner) to the robot so the wand faces the baseboard and
sees the codes. The bar codes can be used to identify where in the room the robot is.
A similar technique can be used for a maze-solving robot.

¢ A similar technique can be used in a line-following robot, only in addition to a line, the
robot reads bar code information as it travels. It could use this information for additional
navigation instruction.

¢ Given a wide-field bar code scanner (the kind used in warehouses), your robot can see
bar codes from several feet away. Such a robot could identify not only where in the
room it is, but in which room.

Bar coding is now a mainstream product, with numerous online and local retailers sell-
ing all the components you need to get started. And don't forget surplus, as new bar-
coding technologies come out all the time and companies exchange old equipment for
new.

Bar Code Translation Hardware

The latest bar code wands and CCD scanners incorporate software to read and interpret
common bar codes. These connect to a PC via the keyboard connector or through a USB
or serial port. The products are ideal if your robot is based on a PC-compatible computer.
Zebra Technologies, at http://www.zebra.com/, is a premier manufacturer of all-in-one
bar code wands and CCD scanners.

Other wands are simply optical readers and must be used with an interface. The inter-
face connects to the wand and outputs a signal (usually via RS-232) for reading by a
computer. Older model interfaces tended to be quite bulky, so if your robot is small, the
interface will dwarf the rest of the machine.

Plain optical reader wands (no interface electronics) can be used with a bar code
translation chip. One such product, available in single or multiple quantities is:

BarcodeChip.com
http://www.barcodechip.com/

The bar code chip provides data via a simple serial connection and can be readily inter-
faced to microcontrollers.
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Using a Brother P-Touch PT-2300 to Print

Bar Codes

| admit I'm a label freak. | use labels to identify every drawer
and bin in my robotics lab. That way, | don't have to guess
what's in each one. In the old days, the labels were made
by the Dymo Labeler, a mechanical device that embossed
text on plastic strips. | still use my old Dymo occasionally,

but these days, most of my labels are created on a Brother
P-Touch electronic labeling system. This self-contained
machine uses special label cartridges and sports a miniature The Brother P-Touch PT-2300.

typewriter keyboard for entering the text.

There are numerous P-Touch labelers, and they vary mostly in the width of the labels
they can print, the size of the type, and number of lines that can be printed. Obviously,

wider labels can print more lines.

The P-Touch PT-2300 prints in eight type sizes, in four fonts, with up to six lines of text,
and takes different size tapes (maximum 1-inch wide). But the feature | like the most is
that it connects to a computer via a standard USB cable; you have to supply the cable,
but it's available anywhere. With included software, you can print using any available sys-

tem font, as well as bar codes.

Several bar code formats are available, including Code 39, a good generic format that
most every bar code wand or reader will recognize. The PT-2300 is one of several higher-
end labelers from Brother than will print bar codes.

One use of the bar-coding print feature: create small strips of instructions to give the
robot. This is similar to the popular Rumble Robots, which are "programmed" using cards
with bar codes printed on them. You can make your own bar code cards for your robot,
with each card a separate behavior. For instance, one card might tell the robot to shy
away from light; another might tell it to go toward the light.

Bear in mind that the bar codes themselves do not include the programming code to
instruct the robot. The core code is contained in the robot, and the bar code is used to

activate a desired state.

Barcode Warehouse 202726
Telford Drive

Newmark Industrial Estate

Newmark Notts

NG24 2DX

UK

(  +44 (0) 1636 602000

U +44 (0) 1636 602001

B4 ross@thebarcodewarehouse.co.uk

@ http://www.thebarcodewarehouse.co.uk/

Retailer of bar code wands, CCD/laser scanners, print-
ers, labels, and bar-coding supplies.
& E

barcode-barcode / pmi 202722

11150 Woodward Ln.
Cincinnati, OH 45241

USA

{ (513) 782.5050

0 (513) 782.5051

S (800) 325.7636

B4 info@barcode-barcode.com

® http:/ /www.barcode-barcode.com/

Discount bar code hardware and supplies.

& B

BarcodeChip.com 202523

g

( (765) 287-1987

U (765) 287-1989

M dvanhorn@cedar.net

@ http:/ /www.barcodechip.com/
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Self-contained bar code decoding chips with serial
interfaces. Connect a bar code wand or amplified
infrared detector to the input of the chip, scan any of
several types of commonly used bar codes, and the bar
code data is available for serial downloading from the
chip. Easy connection to microcontrollers such as the
Basic Stamp, PICmicro, and Atmel AVR via three-wire
serial.

Barcode chip.

BarcodeHQ/Data Worth

623 Swift St.
Santa Cruz, CA 95060
USA

[ (831) 4589938

0 (831) 458-9964

O (800) 345-4220

ﬂ wds@barcodehq.com

@ http://www.barcodehq.com/

202723

Full line of bar code hardware (wands, CCD scanners,
laser scanners, printers, etc.), labels, and software.

SEE ALSO:

http://www.pcbarcode.com/—in the U.K.
http://www.codesbarres.com/—in France
http:/ /www.strichcode.com/—in Germany

& B

Custom Sensors Inc. 202721

30 York St.
Auburn, NY 13021
USA

( (315) 252-3741
U (315) 253-6910

B4 info@csensors.com
@ http://www.csensors.com/

Bar code hardware and software. Decoded and unde-
coded wands. Web site includes help/informational

pages.
¢ &

Dissecting the CueCat 203004

http://cipherwar.com/info/tools/cuecat/
How to take apart a (free) CueCat bar code wand and
use it for general bar-coding applications

IDAutomation.com, Inc. 203884

550 N. Reo St.
Ste. 300

Tampa, FL 33609
USA

[ (813) 261-5064
[0 (813) 354-3583
ﬂ admin@idautomation.com

@ http://www.idautomation.com/

Supplier of bar code products, software, and supplies.

& B

RACO Industries / ID Warehouse

5480 Creek Rd.
Cincinnati, OH 45242
USA

(  (513) 984-2101

U (513) 792-4272

O (800) 446-1991

Vﬁ info@racoindustries.com

@ http://www.idwarehouse.com/

203843

Resellers of various bar code and RFID tagging systems.

& B

Symbol Technologies, Inc. 203728

One Symbol Plaza
Holtsville, NY 11742-1300
USA

[ (631) 7385200
U (631) 738-5990
S (800) 722-6234
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B4 info@symbol.com
@ http://www.symbol.com/

Symbol is a major manufacturer of bar code readers and
printers. Products are available through distributors.

&

Wasp Bar Code Technologies 202724

1400 10th St.
Plano, TX 75074
USA

(  (214) 547-4100

U (214) 5474101

B4 sales@waspbarcode.com

@ http://www.waspbarcode.com/

Manufacturer and online retailer of bar-coding hard-
ware, labels, and software.

& m B

ZEBEX America, Inc.
Ilene Court, Building 11
Unit #2

Hillsborough, NJ 08844
USA

(  (908) 359-2070

(¢ (908) 359-1272

ﬂ sales@zebex.com

@ http://www.zebex.com/

Manufacturer of hand-held and stationary bar code

readers, bar code printers, and bar code scanners.
Products are available through distributors.

=

202719

Zebra Technologies Corporation 203842

333 Corporate Woods Pkwy.
Vernon Hills, IL. 60061-3109
USA

{  (847) 6346700

U (847) 9138766

O (800) 423-0442

@ http://www.zebra.com/

Zebra manufactures bar code readers (wands, CCD and
laser scanners), RFID readers and tags, and bar code

label printers. Products are available through distribu-
tors and retailers.

One interesting Zebra technology is the printing of
radio frequency ID tags as peel-off labels. An integrated
circuit is embedded in the label, which facilitates the
RF identification. Such "smart labels," as Zebra calls
them, do not need to be in the line of sight of the
reader (RFID will work behind obstructions and often
at a greater distance than standard optical bar coding).
Versions of the labels also contain a digital memory that
can be programmed and reprogrammed many times.

The Web site contains several technical white papers on
bar coding and RFID technologies.

eScan Technologies
http://www.e-scan.com/
Barcode readers, printers

Genesis POS
hitp://www.genesispos.com/
Barcode hardware, software, and labels

National Barcode
http://www.nationalbarcode.com/

Barcode hardware and software

PCBarcode
http://www.pcbarcode.com/

Barcode wands, readers, printers, and software

Progressive Microtechnology, Inc.
http://www.scanpmi.com/

Barcode wands and other hardware, software

PSC Inc.
http://www.pscnet.com/
Manufacturer of barcode readers

Scan Technology, Inc.
http://www.scantec.com/

Barcode hardware

ScanSmart
http://www.scansmart.com/

Barcode hardware, printers, PDA barcode add-ons
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i BATTERIES AND POWER

Mobile robots require a self-contained power source,
and most robots use a battery or battery pack for this
purpose. As common as batteries are, alkaline batteries
available at the local supermarket are not ideal for use
in robotics; your robot will drain its batteries in short
order, and you'll have to replace them frequently-a
costly proposition.

For this reason, the ideal robot power source is the
rechargeable battery. Two rechargeable battery tech-
nologies stand out as being easy to get and relatively
inexpensive. The older nickel-cadmium (ni-cad) batter-
ies, as well as the newer nickel metal hydride (NiMH)
batteries, are available at hobby stores, home improve-
ment outlets, even some discount stores like Target or
Wal-Mart.

Unusual power sources, such as experimental fuel cells,
are also included in this section, as well as battery hold-
ers and battery chargers.

SEE ALSO:
MANUFACTURER-TRAIN & HOBBY: Makers of
radio control components, including batteries

RADIO CONTROL-GENERAL R/C COMPONENTS:
batteries, battery packs, and holders

RETAIL-HARDWARE & HOME IMPROVEMENT:
Good retail battery source

RETAIL-GENERAL ELECTRONICS: Batteries and
battery packs

RETAIL-SURPLUS ELECTRONICS: Used (but still
good) batteries

Advanced Battery Systems

300 Centre St.
Holbrook, MA 02343
USA

( (781) 7675516

U (781) 767-4599

O (800) 634-8132

B4 periphex@aol.com

@ http://www.advanced-battery.com/

204116

Batteries: sealed lead acid, ni-cad, NiMH, lithium,
lithium-ion, lithium polymer, alkaline; in all traditional
sizes and capacities. Also rechargers and battery packs
(custom and stock) for cell phones, laptops, cordless
phones, and other electronic devices.

2 & B

All Effects Company, Inc. 8 203443

17614 Lahey St.

Granada Hills, CA 91344
USA

[ (818) 366-7658

[0 (818) 366-3768

ﬂ eric@allfx.com

@ http://www.allfx.com/

All Effects makes an ingenious Makita battery power
adapter. Makita batteries are available at most any hard-
ware or home improvement store and come in 7.2 volts,
9.6 volts, and 12 volts. The adapter allows for conven-
ient use of these batteries for other applications.

All Effects is perhaps best known as a mechanical special
effects company for motion pictures and television. The
company is headed by Eric Allard, one of the most cre-
ative mechanical effects engineers working in the movie
business today. His company's credits include the Johnny
5 robot from the Short Circuit films (the second of which
he coproduced), Ghostbusters, Alien Resurrection, and
Stuart Little, and the Energizer Bunny TV commercials.

&

Batteries America 204112

2211-D Parview Rd.
Middleton, WI 53562
USA

{ (608) 831-3443

0 (608) 831-1082

© (800) 308-4805

B ehyost@chorus.net

® http://www.mrnicd-ehyostco.com/

Batteries (including sealed lead acid, ni-cad, NiMH)
and rechargers; single-cell and packs.

& B

Batteries Plus 202176

925 Walnut Ridge Dr.
53029, WI Hartland
USA

© (800) 274.9155

B4 sales@batteriesplus.com

@ http://www.batteriesplus.com/

U.S. nationwide battery retail chain, sells product for

retail and commercial applications. Check the Web site
for a store location.

£ ¥a

Copyright 2003 by Gordon McComb. Click Here for Terms of Use.



52 BATTERIES AND POWER

Battery Mart

1 Battery Dr.

Winchester, VA 22601

USA

[ (540) 665-0065

0 (540) 665-9623

O (800) 405-2121

“ info@batterymart.com
@ http://batterymart.com/

Mail order batteries, large and small, all types (includ-
ing sealed lead acid, motorcycle, ni-cad, NiMH); charg-
ers. Online sales; local stores in Winchester, Va. and
Martinsburg, W. Va. See their section of Robot
Batteries-a selection of sealed lead acid batteries in sizes
from single cells to large 12-volt packs.

& E, Ba

202850

e — [ e i L 1

[ S ————

Battery Mart Web site.

Battery Specialties 203149

3530 Cadillac Ave.
Costa Mesa, CA 92626
USA

{  (714) 755-0888

0 (714) 755-0889

O (800) 854-5759

BA sales@batteryspecialties.com

@ http://www.batteryspecialties.com/

Resellers of alkaline, ni-cad, sealed lead acid, and
lithium batteries, and battery holders.

& B

DC-DC Power Supply 204053

http://www.jarcom.com/inmotion/power.htm

How to build a DC-DC power supply for powering such
devices as a PC motherboard from a single battery. Uses

a slew of Maxim power control chips for the regulation
and conversion.

%

eBatts.com 202579

703 Rancho Conejo Blvd.
Newbury Park, CA 91320
USA

{  (805) 499-4332

© (800) 300-1540

ﬂ info@eBatts.com

@ http://www.ebatts.com/

Rechargeable batteries. In single cells or packs for cam-
corders, laptops, cordless phones, and cellular phones.

& B

Edmond Wheelchair Repair & Supply 203777

1604 Apian Way
Edmond, OK 73003
USA

' (405) 359-5006

O (888) 343-2969

B4 Sales@edmond-wheelchair.com

® http://www.edmond-wheelchair.com/

Wheelchair and scooter parts, including motors,
wheels, and batteries.

& B

Sealed lead acid batteries.

Elite Speed Products

3923 East Mound St.
Columbus, OH 43227
USA

203305
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[ (614) 2314170

B4 sales@elitespeedproducts.com

® http://www.elitespeedproducts.com/

Ni-cad batteries, electric motors, and motor replace-

ment parts (brushes, armatures, etc.) for R/C appli-
cations.

& B

Energizer Holdings, Inc. 203228

533 Maryville University

St. Louis, MO 63141

USA

© (800) 383-7323

® http://www.eveready.com/

Energizer either makes bunny toys or batteries; it's hard
to tell from the commercials. In any case, the Web site
has some interesting technical information about bat-
teries, including an overview of battery chemistry,

charge and discharge curves, and other engineering
data. Haven't found any technical info on rabbits yet....

& &

Energy Sales 204063

355 E. Middlefield Rd.
Mountain View, CA 94043
USA

{  (650) 969-0800

U (650) 961-2000

O (800) 963-6374

“ info.ca@energy-sales.com

@ http://www.energy-sales.com/

Distributors of name brand primary and rechargeable
batteries. Locations also in Oregon and Washington.

& Pa

Acme Model Engineering Co.
http://www.acmemodel.com/
Battery holders for AAA, N, AA, C, D and 9-volts

Battery City
hitp://www.battery-city.com/

Consumer-packaged batteries: ni-cads, NiMH, spe-
cialty; local to Southern California

EVdeals

9 South St.
Plainville, MA 02762
USA

{  (508) 695-3717

U (508) 643-0233

ﬂ scott@EVdeals.com

@ http://www.evdeals.com/

204218

Electric motors for bikes and scooters; 12- to 48-volt bat-
teries; and battery chargers.

& B

Fuel Cells 2000 204211

http://www.fuelcells.org/

Online resource for fuel cells-how they work, who makes
them, where you can find them (including small demon-
strator kits, possibly useful in experimental robots).

*

FuelCellStore.com 204210

P.O. Box 4038
Boulder, CO 80306-4038
USA

{  (303) 881-8343

B4 info@fuelcellstore.com

@ http://www.fuelcellstore.com/

Online retailer of exotic fuel cells and fuel cell demon-
strator kits. Be the first on your block to power your
robot with one. Also offers DC-DC converters (most

small fuel cells don't develop much voltage), fuel, and
how-to books.

@ B

Gillette Company, The 203226

Berkshire Corporate Park
