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Logic Pulser

W
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hen working with digital
circuits, a logic probe is invaluable. However, a logic probe will
only determine if a test point is logic
high or low. Often we want to a pulse the
component out of the unit being tested to
determine if it is working. By injecting a
pulse with a logic pulser and detecting
that pulse with a logic probe we can
assure a correct function of a
component.
You must make absolutely sure that
your wiring is correct when ever you
hook up any interfaces or units to your
PC or expensive SBC. The best way to

By Dan Mauch
do that is to test each logic pin to make
sure it is functioning correctly before
you connect it to your computer or robot.
A few months ago, Radio Shack was
closing out their Digital Pulser. I bought
one for $5.99 at the Lake City store. No
one could pass up that price! It operates
from 4.7-15VDC. It is low impedance
and it is compatible with TIL, DTL,
CMOS, LS and MOS logic, memories
and microprocessors. It needs no battery
and looks almost identical to the Radio
Shack digital probe. It will pulse continuously or you can send single pulses.
I used the pulser for the first time on

Sumo Drive Quest

B
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arber-Colman gearhead motors are
plentiful in the surplus market, so
its logical to consider them as drive
motors for a Sumo Robot.
C & H Sales sells Barber-Colman's
#FYQF-63310-9 for $15 each, new.
They are permanent magnet, reversible,
continuous duty 12 VDC, 300 RPM
gearheads with lots of torque (25 in-oz)
for the money.
Two of these gearheads would make
a fine start on a Sumo robot drive system
but they're too fast and the torque isn't
as high as you would like for a Sumobot.
For a practical Sumo wrestler the wheel
RPM should be about 75 RPM for a 3"
wheel. A 4: 1 speed reducer would give
this with the added bonus of multiplying
the torque output by four.
_Speed reducers come in hundreds of
styles, but most fit within three groups:

a parallel port interface that I was
building. I injected a pulse to each unit
of the 74LS367 hex three state buffer
and read the results on the corresponding
output pin with the logic probe. I found
two wiring errors with the pulser that I
missed with a visual checkout (I hate
Wire wrapping). This could have caused
serious problems but when I corrected
the errors, it worked perfectly.
A digital pulser is an important
addition to your worlc bench. Call and
ask for a Logic Pulser (catalog #
22-304a). You too may find a good deal
on an indispensable tool.

by Robert Nansel

gear, belt and worm. I'll dismiss worm
drives right away for efficiency sake
(worm drives are lucky if they get to be
50% efficient). Gears are very efficient,
around 99% usually, but they are expensive, noisy and hard to adjust.
V-belt drives, on the other hand, are
cheap, quiet and easy to adjust. Also in
their favor is the natural shock absorbing
elasticity belts give a drive system,

Barber/Colman gearhead

something important for drives intended
for high-shock Sumo wrestling.
They are less efficient than equiva~
lent gear reducers (that shock absorbing
elasticity doesn't come for free), but the
main problem with ordinary belt drives
is belts can slip, and this could be disasterous for a Sumo robot.
The answer is to use a timing belt
reducer, which combines the best features of V-belts and geartrains. Tuning
belts are nearly as efficient as gears,
have zero backlash, and still offer the
ease of adjusunent and shock absorbing
qualities of belt drives. And they still
cost less than gears.
OK, to get a 4: 1 reduction I have to
put a small pulley on the output shaft of
my gearhead, and a 4 x larger diameter
pulley on the shaft that drives the robot's
(Please see Quest on p. 10)

...
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What's all this Navigation stuff, anyway?

D

aniel Gates, a reader from Wichita
Kansas writes:

"In the October Encoder you describe
two algorithms, Bug-1 and Bug-2 that 'satisfy the navigational needs of a robot
attempting to travel from any initial position
to any target regardless of the obstacles in
between.'
In a separate article, you argue that the
autonomous navigation problem is unsolved
and constitutes the Holy Grail of cyber-dynamics. Am I missing something? Would
someone care to take a stab at defining the
'autonomous navigation problem' so as to
resolve the apparent ambiguity?"

Excellent question, Daniel, for it
takes us right to the leading edge of robotics and beyond. Rather than attempt
to formulate some all-inclusive (and impractical) definition of the autonomous
navigation problem, I'll break it down
into a heirarchy of subproblems.
There is no one "autonomous navigation problem" just as there is no one
"problem of driving to LA." For a robot
driving to Los Angelos, there are a variety of problems to be overcome in
different phases and at different scales.

amples of global path planning. By global I don't mean paths must be a
thousand miles long qualify, but that the
Planner agent is concerned only with the
"big picture." Details about freeway entrances and exits, traffic signals, detours,
and scenery along the way are not the
concern of Planner.
The path plan itself must be executed by a Navigator Agent. The Navigator
is responsible for two things. The first is
translating the vague path plans Planner
cooks up into detailed itineraries. I'll get
to the second of the Navigator's duties
later.
To translate Planners plans into
viable itineraries, Navigator must be
able to do some planning of its own,
though of a more local nature. Local
plans deal with the immediatly perceivable environment and unfold
sequentially.
Our Bostonian robot on the road to
L.A. would have a local planning area as
far as it could see, which might be as
little as half a block in downtown Boston, or as much as twenty miles to the

There is no one "autonomous navigation
problem," just as there is no one "problem

horizon in Eastern Washington. A robot
exploring the asteroid belt would still be
doing local path planning as long as
those paths remain within the range of its
radar, the limits of its perception. Local
planning for a robot with nothing but
bumpers for sensors (as with the Lumelsky Bugs) would operate within the area
defined by the reach of those bumpers.
Navigator decomposes the global
path plan into a series of local path plans.
Navigator would translate the SeattleL.A. drive into something like "Drive 1
mile East on Northgate Way, turn right at
the Southbound 15 entrance, merge into
traffic, drive south, every 350 miles or so
stopping to gas up and charge batteries,
until you reach L.A."
Navigator will turn this itinerary
over to another agent called Pilot to do
the actual driving. Pilot is responsible
for generating and executing point to
point trajectories, for local obstacle
avoidance and for sensing "free space"
(that is the safe zone for the robot to
move within). The Navigator's itinerary
is still a fairly general plan, reflecting
perhaps that our robot has never been
further south than Portland, but it's
enough for Pilot to do its job.
(Please see Navigation onp. 4)

of driving to L.A."
In order for a robot to find its way from a
start position to a goal position, it must
plan the path to take and it does this by
using a software agent called a Path
Planner. If the robot starts in Seattle, the
path plan it would use to get to L.A.
could be "Drive south on Interstate 5
until you get to L.A." Driving from
Boston, the plan would be slightly more
complicated: "Go west on 190 until you
reach Seattle; at Seattle go south on 15
until you reach L.A." These are both ex-

Planner

Navigator

Pilot

Robot Control-Agent Heirarchy

Controller
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The President Says ...

T
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he November meeting drew 31
attendees, many of · them firsttimers. We are glad to have everyone
show up, and extend a special Robowelcome to the newcomers. Hope you
liked what you saw.
The hit of the meeting was Dan
Mauch's 68b02 giveaway. Dan had purchased over 100 printed circuit boards
(PCBs), each complete with a socketed
68b02 microcontroller, 2716 EPROM.
and other goodies. He kindly gave each
attendee a set of three boards, free.
I have already dug through my Motorola manual for details on the 68b02,
and the news is mostly good. The chip
contains 128 bytes of on-chip RAM,
enough to do fairly sizeable robotics
projects. It also provides a fully decoded
16-bit address bus and 8-bit data bus;
none of this multiplexed address/data
bus stuff.
On the down side, this is old technology (HMOS), so you have to put up
with about 150 mA current draw from
just the MCU. By contrast, the entire
80c31 microcontroller board for my
Tooter robot only draws 70 mA; this includes the 80c31 MCU, 27c64 EPROM.
6264 static RAM, MAX232 serial port,
and 145041 11-channel AID.
We also discussed the MIT Miniboard. This tiny board contains a
68hcll, RAM, EEPROM, serial port,
two L293 motor drivers, and several AID
ports.
Although MIT is not etching the
boards for sale to the public, a guy
named Gregory Ratcliff at Ohio State
University is. He has been selling the
boards for $6 each, payable in advance.
Zack Moore has offered to coordinate a group purchase of these boards for
the SRS. Several members gave Zack
checks and cash for their orders; by the
time I got to the list, it looked like we

already had orders for about twelve
boards.
I urge anyone interested in playing
with the 68hc 11 as a robotics controller
to contact Zack and get him some money
for your order. Even if you missed out on
this order, you might get a second
chance at the December meeting. Watch
the BBS for details.
We have several options for finding
68hcl 1 development software. Obviously, we can download a free
assembler from the FREEWARE BBS.
We can also get a small-C compiler (also, I believe, from the FREEWARE
board). This small-C compiler runs on a
PC and generates assembly-language
source that you then assemble with the
Motorola assembler (included in the
small-C package). Finally, you can bum
the resulting object file into EPROM or
download it into the board's EEPROM.
For $99, you can also get a copy of
Dave Dunfield's C development system,
specifically targeted for the Mini-board.
Dave built this system expressly for use
in MIT's design courses, so you know it
has been properly integrated. Leave mail
on the BBS if you need more details.
There are also a number of 68hcll
Forth compilers running around, including a version of eForth that I
uploaded to the SRS BBS. You can also
get a BASIC interpreter (and maybe
compiler) from the Motorola FREEWARE BBS. Note that I have not tried
out the BASIC system, so cannot
comment on how well it works. If anyone out there has tried it, please let us
know what it is like.
Bob Nansel brought a video tape
containing parts of three recent video
broadcasts with a robotics theme. One
was the 1992 MIT engineering design
contest, presented on the season's premiere of Scientific American Frontiers.

by Karl Lunt

Bob also played two segments from recent broadcasts of Next Step, a weekly
show on high-tech products and projects.
The clip about the robotic, stair-climbing
wheelchair drew a big crowd, as did the
short piece on household robots. Check
your local listings for time and channels
for both these shows.
The Sumo robots got a lot of
meeting time. Several groups around the
country have mentioned doing Sumo robots, and it will be a featured event at the
upcoming BEAM Olympics in Ontario,
Canada. I will do a series of Nuts &
Volts articles on Sumo robots early next
year, and the N&V editor has shown
considerable interest in the competition.
Dust off those scraps of titanium
laying out in the garage; it's time to start
thinking SUMO.
Keep on keepin' on ...
Karl Lunt
2133 186th Pl., SE
Bothell, WA 98012
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Navigation conlinuedfrom p. 2

Pilot assumes the robot is ideal, that it
accepts drive and steer commands and
returns position and heading without
error. Real robots come in a variety of
mechanical configurations, so a lower
level agent (known as Controller) is
needed to translate Pilot's universal robot commands into the actuator
velocities and positions. Controller isolates the rest of the command chain from
the specific details of making the robot
perform as commanded. Pilot gives
commands and Controller makes it so.
Controller is in charge of the robots
actions all of the time ... unless something
goes wrong.
Suppose down around Olympia 15 is
closed. Controller will report sensor
readings deviating from acceptable limits as set by Pilot. It is the job of Pilot to
either try to find a way around the obstacle, or to report to Navigator that it

can't perform the itinerary as requested.
If Pilot is able to follow detour signs

then all is well, but if the obstacle is
more extensive (maybe the interstate is
drifted over with snow) then Pilot will
report failure to Navigator.
Navigator might be able to choose
another route visible locally. This is the
second capability Navigator should
have, that of mapping its surroundings,
determining position and recognizing
features of interest. Of all robotics AI
topics, this is the most difficult and in
need of the most research because this is
where idealized planning collides with
the real world.
Supposing Navigator fails to find an
alternate local route, Navigator must in
turn report failure to Planner. Planner
would then create a new global path plan
that takes the new obstacle into consideration, and so we begin the cycle again.
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Bug2 isn't good at mazes ...
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by Lance Keizer
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s your robot not fast enough or
lacking torque? Changing motor
speed just isn't producing the mobility
range desired? If your project requires
some serious torque/speed conversion
you may want a transmission. An automobile transmission to be precise.
Most automatic transmissions incorporate planetary gears. Two sets are
typical for a three-speed. Transmissions
can be had for nothin~ if you find someone who wants to get rid of them.
I disassembled one to find two sets
of planetary gears, a ring gear coupling,
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a spur and an eccentric ring pump. Slow
4-8 MPH is my target speed range.
Motor speed variation should smooth
out the curve.
Keeping up with a walking person,
climbing stairs, and working outdoors
are the objectives of this design. It must
load itself for transport and get itself
wherever it is to be used as quickly as a
person could.
Another transmission option I'm
studying is a chain and sprocket
arrangement, but it requires three
clutches and may not be as compact.

At each level in the heirarchy from
Planner to Navigator to Pilot to Controller, commands from above and status
information from below control the behavior of the software agent. There are
many fine algorithms available to implement Planner, as well as Pilot and
Controller.
Bug-I and Bug-2 address the purely
local problem of obstacle avoidance;
they are properly Pilot level algorithms.
The general autonomous navigation
problem involves issues of sensor processing, local path planning, position
resolution and error recovery, the
domain of Navigator.
Navigator is the tough nut to crack.
Writing software that can perform the
functions required of a Navigator agent
is extremely difficult and it is this that I
refer to when I speak of the "autonomous navigation problem."
The Editor
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P.A.R.T.S
Portland Area Robotics Society
Issue# 03

By. Marvin Green

(503) 656-8367.

"I never met a robot I didn't like." - rm not sure who said that, but I like his attitude.

In this Issue, rm going to talk about the line following algorithm I used to have Zippy
0

follow a black line on white paper. The algorithm is very simple, but may has some draw backs.
Also I will share some hot ( ROBOT Builders ) locations in the Portland area.

Zippy the line following robot uses a simple algorithm to track a line.

The robot has three
eyes, all in a straight line behind the front drive wheel. The eyes will be referred to as R, M, L, in
the diagram for right, middle, and left. The two motors on Zippy are used to drive and steer the
robot, and only one motor runs during a turn. For example to turn left, the left wheel would s~op
and the right wheel would turn forward.

* Use the code Algorithm to
figure out what Zippy will
do next.

0

To first figure out how Zippy
would run, I cut out a
cardboard square, punched
three holes in it, then pushed·
it around on a black line.
(No computer simulation
needed.)

6

Code Algorithm to follow line ( used in Zippy):
1.
2.
3.
4.

Move forward.
Check (R) right and (L) left eye. If no line was seen goto 1.
If right eye on line, tum left until middle eye is on a line. Goto 1. ( centered )
If left eye on line, tum right until middle eye is on a line. Goto 1.

This code will tend to keep the robot on track, and doesn't care where the line is as long as it's
between the left and right eyes. This algorithm works well unless the line has an intersection in
it. The robot may attempt to tum at an intersection.

Portland Ore. has a number of good spots for the robot enthusiast.

You can find all kinds
of electronic surplus, hardware, plastic, motors, and really 'wacky' stuff. This map will give a
general idea of locations and addresses.
1. Cascade Surplus Electronics
8221 N Denver Ave. 285-0832

North
2. Powell's Technical Book Store
33 NW Park
228-3906
W.Lombard

3. Wacky Willy's

417 SE 11th Ave.

234-6864
Sandy

4. Radar Electronic Company Inc.
704 SE Washington 232-3404

5. TAP Plastics Inc.
3818 SE Powell Bv.

230-0770

Burnside

·-•1-------,F-

Down Town
Portland

OTHERS:

Portland Radio Supply
234 SE Grand

.-~.sh~ ~

7thrrn- -

I.5.

I

Powell
-1=11-------'1'-•

I]]

233-4904

Norvac Electronics
7940 SW Nimbus Ave. Beaverton

644-1025

Spend a day and enjoy these stores, you may find that special something.

39th
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Review: IR Sensor Card

When

working with infrared (IR)
systems its often handy to be
able to check for the presence or absence
of IR radiation from IREDs. The audible
IR field strength "IR Sniffer" described
in the July 1991 Encoder works well for
IR beams modulated at audio frequencies, but it can't tell you if a steady
IR level is present Neither can it directly show the IR radiation pattern.
A simple, inexpensive alternative
that can do both of these things is Radio
Shack's Infrared Sensor Card (#276-099,
$5.95). The Sensor Card has a special IR
sensitive phosphor laminated in the
upper left comer of the card. On the back
of the card is printed a spectral sensitivity curve for the phosphor, as well as
comparative response curves for

by Robert Nansel

common IR sources
and sensors.
To use the card
you must first
"charge" the phosphor with some UVrich light. A minute
of daylight or fluorescent light works fine. Once charged,
the phosphor will glow dull red/orange
whenever struck by IR radiation. In a
dark room, I was able to detect the IR
beam from an ordinary IR TV remote at
a range of fifteen feet, but in less subdued lighting the visible range was more
like three feet.
Though the phosphor ~creen is
small, you can see IR beam shape and

intensity variations on the beam cross
section. It's a great aid in troubleshooting IR systems such as range
detectors and data links the IR source is
strong. An IR Sniffer is much more sensitive, so use the card not as a
replacement for a sniffer, but as a complement. Make a space for both in your
robotics tool box.

0

Y AIRS Revisited

by Keith Payea

A

glitch in the original YAIRS
article happened when I transcribed my hand-drawn schematic into
ORCAD. If you dig out the schematic
that appeared on the cover of the May
1992 Encoder, R5 is tied from the base
of Ql to the junction of R2 and C2 (Ul
pin 6). It should tie from Ql to the top of
R2 (Ul pin 5).
I also got a few suggestions from
readers, mostly on the issue of IRED and
phototransistor selection. If you were to
drive a particularly power hungry IRED
(with a smaller value of R4), you might
need a transistor with higher gain and le

0

at QI-maybe an un-heatsinked TIP120,
or a small power MOSFET such as a
VNlOKM.
I apologize for the mistake, and look
forward to more improvement
suggestions from readers.
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Eclectic Engineering

I

Treasure Trove

f you have a few hours to spare, I
recommend that you visit the Engineering Library at the University of
Washington. On the third floor, in the
"TJ 201" section, you will find an
amazing array of books on robotics.
These books range from esoteric mathematical analysis of walking robots, to
introductory books. You'll also find
Quick Copy Card machines, that will
dispense a "credit card", for five dollars,
that will allow you to make copies at a
discount
While I was there, I found:
"Docking Mobile Robots Using Bat-like
Sonar", "Fuzzy Navigation of a Mobile
Robot", and "A Sensor-based Obstacle
Avoidance Controller for a Mobile Robot Using Fuzzy Logic and Neural
Network". Wow!

Micro Video
What's 1.32 ounces, 1 inch thick,
has a footprint slightly smaller than a
credit card, and comes with a 4.3mm
fl.8 multi-element lens? It's the PC-3
Micro Video camera from Supercircuits.
The signal output is NTCS 1 volt p-p
composite video at 240 horizontal lines.
It requires 7 - 14 volts DC.
It appears that their primary market
is RC airplanes-but this camera is ideal
for robotics. Contact: Supercircuits,
13015 Debarr Drive, Austin, TX 78729
(512) 335 - 9777.

Al CD
Network Cybernetics Corporation
has compiled a large assortment of software related to artificial intelligence,
artificial life, robotics, virtual reality
Programs for OS/2, MS-DOS, Macintosh, Amiga, UNIX, and other operating
systems, are included. Files are in
ASCII, RlF, and other universal formats

by Mike Tarrant

and were collected from AI BBS's, Internet archives, universities, and other
government and civilian AI research organizations. Included: Expert systems,
neural networks, genetic algorithms,
linguistics/ natural language, robotics,
virtual reality artificial life/evolution
simulations, machine vision, Prolog,
Lisp/XLisp, and other programming
languages. Files are compressed using
PKZIP or UNIX tar format. The disk is
in ISO-9660 format, available for
$129.00 + $5.00 s&h.
I have one, but I don't have a CD
reader. Can anyone in the SRS membership help? Maybe to make the
software available for downloading via
the SRS BBS? Contact Network Cybernetics Corporation, 4201 Wingren
Road, Suite 202, Irving TX 75062.

Roll-your-own Forth?
For those who would like to write
your own robot control language, check
out, "Write Your Own Programming
Language Using C++" by Norman E.
Smith. Published by Wordware Publishing Inc, (ISBN 1-55622-264-5,
$14.95), it's a little over 100 pages. It
includes source code for a FORTH-like
language. You need Turbo C++ or
Borland C++.

Maxim Answers the Phone!
Maxim joins Dallas Semiconductor
in offering small quantity
parts sales.
Call
1-800-998-8800 to order
evaluation kits, or a small ...
quantity of parts using your
Master Card or Visa.

New at Digi-Key
Noticed in the Sept-Oct.
catalog: PLCC sockets (24 84 pins), PIC series microcontrollers ($5.10 - $22.63),
Panasonic memory cards (4K

,

- $77.40, 2MEG - $910.00 Ouch!).
Call them at 1-800-344-4539 and
request a catalog, if you don't already
get one.

New Micra's new micros
For you 8051 fans, New Micros,
Inc. has an '8051 family' board out
Featured are: 80535 microcontroller, 4
parallel ports, 1 serial port, AID, timers,
watchdog, 3 memory sockets for 64K
addressing (with 8K RAM installed) and
RS232 conversion. Board size is 4" by
4" by $65.00. Not bad. H you want
68HC11 on the cheap, they also have a
board that features a F68HC11 microcontroller (Max FORTH embedded in an
A8 configuration microcontroller), 3
parallel ports, 2 serial ports, AID,
watchdog, 3 memory sockets for 64K
addressing (with 8K RAM installed),
and RS232 conversion. Board size is
also 4" by 4" by $65.00. Contact: New
Micros, Inc., 1601 Chalk Hill Road,
Dallas, TX 75212 (214) 339 - 2204.

68HC11 & the kitchen sink!
Another 68HC11 board is available
from Coactive Aesthetics. For $179.00
they give you a complete hardware and
software (C compiler and more)
package. The only things keeping me
from getting mine, are late 68HC11 deliveries from Motorola. But when it
does come in, expect a thorough review.
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What s a PIC?

A

PIC is a Programmable Integrated
Circuit; it's a microprocessor in a
single 18- or 28-pin DIP package including support circuitry and memory.

In your circuits, a PIC needs only +5
V, ground, and a crystal or resistor/capacitor as a timebase generator. With just
this you can program the PIC to perform
a variety of logic, counter, time delay,
data translation, control, or interface
functions. An 18-pin 16C54 PIC has 12
general purpose pins that each can be
independently programmed as either input or output

Where to use a PIC?

Q

0

A PIC won't generally replace the
microprocessor in a robotics system,
unless the robot is extremely simple. It's
internal memory is too limited (only 2K)
and the 1/0 pins are not set up to add on
additional memory.
There are no interrupt pins. Neither
will it replace your glue chips or faster
logic in a hardware design if speed is a
consideration because a PIC's program
is going to be running slower that a logic
gate switching.
But occassionally you get a simple
little gizmo to design where a micro
seems too much bother and logic gates
would number too many. This is the
ideal place for a PIC.
One such application might be a
motor control that counts encoder
counts, calculates a PWM signal, and
talks to a host computer. This is an
application that I will follow up in future
articles. A PIC, which costs less than
$10, may be a cheaper than a purposedesigned motor control chip. And you
can add your own personal touches to
your motor controller.

Where to get PIC's
I know of two PIC manufacturer$.
Microchip makes the 16C5x family and

by Brad Smallridge
Motorola makes the 16-pin
68HC705Kl.
I have access to both programmers,
but I've decided to concentrate on the
Microchip part. The instruction set of the
16C5x family parts are closer to that of
the 8051 family, with which I'm more
familiar. Also, at the Embedded Systems
Conference I met the people from Parallax who've developed software and a
programmer for the Microchip PIC.
They seemed to be a good bunch of
grass-roots inventor-like people.
Finally, Digi-Key, my favorite
supplier has recently added the Microchip/Parallax line to their catalog.
Maybe someone else can speak up for
Motorola in a future article.

How Much?
The Parallax programmer is $199
including software. You will probably
want an EPROM version of the chip

(around $15 to $22). One T1me Programmable (OTP) versions range from
$5 to $12. For about $250 you

can get set

up to work with PIC's. You will need an
IBM compatible computer with a
parallel port.

Next Time
I will look over the PIC architecture
and instruction set.

Questions and comments can be
refered to the Encoder or you can contact Brad directly:
Brad Smallridge
Director San Francisco
Robotics Society ofAmerica
VOICE: (415) 550-0588
FAX: (415) 550-0411
BBS: (415) 648-6427
EMAIL: bsmall@holonet.net

In Upcoming Encoders ...
While we are always looking for general robotics related articles,
schematics, mechanical drawings and code examples, the following issues
we'll try to focus on the specific topics listed below. Please note the
deadlines for submission. If you have article ideas, drop the editor a line.

January '93

March '93

Deadline: 12/1 9/92
Hardware: Basic Motor Control
Software: PWM routines

Deadline: 2/20/93
Hardware: Ultrasonic sensors
Software: Range mapping

February '93

April '93

Deadline: 1/16/93
Hardware: Robot Sumo Wrestling
Software: Open loop navigation

Deadline: 3/20/93
Hardware: ROBI Controllers
Software: Path-Planning
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Quest continued from p. 1

Fig. 1 Pillow Block Motor Mount .

wheel. As a rule, the smaller of the two
pulleys must have at least 6 teeth in
mesh at any one time to carry it's fullrated torque, and since only half of the
teeth of the pulley can ever be in mesh
with the belt at one time, that means a 12
groove pulley, minimum. To be on the
safe side I would choose a 15 groove
pulley.
The large pulley then must have 4 x
15 = 60 grooves.
But what size belt should I use? For
that matter, what pitch (tooth spacing)
should the belt and pulleys have?
The wheels of my robot are 3.25
inches (8.25 cm) in diameter, so the 60
groove pulley must be smaller than that.
Oh, and my wheel drive shaft is .25
inch (6.35 mm) diameter and the output
shaft of the Barber-Colman gearhead
measures 0.185 inch (4.7 mm) in
diameter.
A quick look through my Seitz
Standard and Special Drive Components
catalog shows that a 60 groove, 0.080

(MXL) pitch pulley has a
1.7 inch (43.19 mm) flange
diameter, about right for the
wheel I intend to use. It is
an "engineered plastic"
component made of 10%
glass filled polycarbonate,
so it should be plenty
strong.
It's available with an
aluminum hub insert bored
for my .25 inch shaft and it
c001es in both single and
double flange versions. I'll
use the double flange
versions for both the 60 and
Fig. 2 Combined Motor & Bearing Mount
15 groove pulleys (part nos.
0002429 and 000416,
I'm done now, right?
$4.74 and $3.48, respectively) I'll also
Well, these parts can't just float in
need a 110 tooth MXL pitch belt (part
space. They have to be mounted to the
no. 0013818, $4.25).
robot. A pillow block is one idea (fig. 1).
OK, I've selected the gearmotors,
the wheels, pulleys and toothed belts.
(Continued next page)

Sumo Quest Drive, Top View

Righi Motor Mount

Left Mocor Mount

Left Gaannotor

---~

1-- -

110 tooth
ctivobo~

16-grooYe
pulley

Right Goarmoo>r

l

Contor Bearing Block

Lall Wheel

'

Rigt,tWt.el
t,(J,<Jt-

pulley

NovlDEc 1992

0

o

A pillow block can be made by boring
two concentric holes the proper depth in
a wood block. For the Barber-Colman
gearmotor, the larger bore is 1.375" dia.
and .75" deep for the gearhead casing;
the smaller bore is 1.25" diameter for the
motor. Sawing the block down the middle gives you two identical pillow
blocks. Secure the gearmotor with
sheetmetal straps and screws. Since the
output shaft of the gearmotor is off center, simply twisting the gearmotor will
tension the belt.
That would work for the gearmotor,
but what about the wheel drive pulleys? I
could make a similar bearing blocks for
the wheel shafts, but I might have some
trouble getting the separate blocks to

align their shafts with their respective
gearmotor shafts.
A design that combines both bearing
blocks and motor mount blocks would
solve that problem. Figure 2 shows the
result.
Now instead of sheetmetal straps, I
use a machine screw and a Tee-nut to
provide the clamping force that holds the
gearmotor in place.
The third figure shows a top view of
this style gearmotor mount as part of a
complete Sumo robot wrestler drive
. system.
Notice the middle block. This is a
bearing block used by both wheel shafts.
The shafts are cut and the wheel pulleys
mounted so the two shafts can use the

About the Seattle Robotics Society
The Seattle Robotics Society was formed in 1982 to serve those interested in learning about
and building robots. We are a diverse group of professionals and amateurs, highschool
students and college professors, engineers and tinkerers. Our passion is the creation of
cybernetic creatures that challenge the old definitions of life, intelligence and practicality. We
meet 10:00 a.m. to 12:00 noon the third Saturday of every month at North Seatt1e Community
College in room 1652. If you are building a robot or just planning one, come down and meet
the gang. We are on an exciting journey and welcome you to join us.
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same middle bearing block, with
sintered bronze bearings on each side.
This gives the wheel shafts much greater
stability than just bearings in the motor
mount blocks alone could afford.
The drive system layout looks good,
but will it work? Stay tuned until next
time.

Contributors
Editor
Bob Nansel
Circulation
Jeff Sandys

Marvin Green
Lance Keizer
Karl Lunt

Dan Mauch
Brad Smallriclge
Mike Tarrant

Upcoming Events
December 19, 1992

SRS Meeting at NSCC, rm 1652, 10:00 am.

January 16, 1992

January SRS Meeting.

March 20, 1993

First SRS Sumo Scrimmage

April 6-8, 1993

7th International Service Robot Congress
Cobo Center, Detroit, Ml;
Contact: NSRA at (313) 994-6088

April 22-25, 1993

Second International BEAM Robot Olympics
Ontario Science Center, Toronto, Ontario, Canada

May 15, 1993

Second SRS Sumo Scrimmage

July 22-25, 1993

Robothon Northwest 1993
Mobile Robot Competition and Symposium
Contact:
Karen Nansel
Robothon Northwest, Dept. E
816 N. 105
Seattle, WA98133
(206) 782-5989, 8am-5pm PST
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Contacts
Membership $12 per year, February to
February. Make your check payable to:
Jeff Sandys, Treasurer
Seattle Robotics Society
P.O. Box 30668
Seattle, WA 98103-0668

To electronically submit articles, letters
and news items for the Encoder, leave
E-mail on the SAS bulletin board:
Robert Nansel @ SRS BBS
206-362-5267, 120(){2400 8N1, 24 Hr

To submit hardcopy:
Bob Nansel, Editor
816 N. 105
Seattle, WA 98133

Seattle Robotics Society
PO Box 30668
Seattle, WA 98103-0668
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