=
BUILD FOR LESS THAN 310
a I - DIGITAL LOGIC PROBE

$1.25 AUG. 1980

6 audio test accessories to build The ultimate turntable pickup arm?
Tuning in worldwide SW stations Inside a VHS videotape recorder
Step-by-step TV IF alignment Build your own raceway videogame

BUILD THIS
ROBOT FOR UNDER 5400

T .
rj' '.- ¥l

S|

-

\-#

! g ll";.""" > -_

11,/
: . :‘ L_
5. ' :
"'- [ | 0 e i
N -,
‘ |
Ff1B96"487R3

!
Y




BUI ISP

IS

Unicopn-1 ©
ROBOT

=

Ready for your own robot? You can construct one by
following this multi-part series—and you won't need
an engineering degree or special equipment, either.

JAMES A GUPTON, JR.

ROBOTS ARE BECOMING VERY HOT ITEMS,
They have already made a name for them-
selves as movie and TV stars, chess play-
ers, artists, typists, adverlising men, and
asscmbly-line workers in Dctroit. This
past April, a threc-day conference and an
¢xposition on robotics was held in New
York.

This scrics of articles dexailing the con-
struction of a robot called Unicorn-One
{a name looscly derived from Universal
Controllable Robot) may not tell you how
10 build a device as clegant or articulate
as C3-P0, but it will explain, step-by-step.
how to design and assemble a robot that
will be fully mobile, with manipulator
arms Lo grasp, lift, and carry. Those fea-
tures. in combination. will enable your
robot to perform a wide variety of useful
functions.

Unicorn-One is truly universal. The
same robol body you will build can be
operated from a control panel linked to it
by cable, by remote radio control, or even
by computer, It will even be possible to
add an on-board compuler to give the
robot the ability to “think™ for itsclf. As
you will sce, Unicorn-Onc's expansion
capabilitics are really limited only by
what you want it to do.

The first parts of the scries will deal
with the construction of the mechanical
portion of the robot—the object being to
build a working mechanism for a reason-
able amount of moncy.

You'll be shown how just a few com-
mon tools can be used to work steel and
aluminum to almost machine-shop per-
fection. With a little ingenuity, an opera-
tional version of Unicorn-One can be

built for about $200. Even if you pur-
chase everything off-the-shelf, the cost
should not ¢xcced $400,

Lasy-to-follow instructions will be pro-
vided to assist you in the assembly of the
robot’s manipulators (arms), end-cflec-
tors (hands), body, and mobility base, and
will detail all wiring necessary 1o power
its moving parts. For convénicnce, Lhis
wiring will be brought out to a terminal
strip, where it can be connected to what-
ever type of control equipment you desire
to use.

Later installments will describe how
the robot ¢an be controlled in any of sev-
cral different ways—from a cable-con-
nected console or by radio link, providing
for both manual and computer-controlled
operation.

Provision is also made for the installa-
tion of an on-board computer which can
be programmed in advance, repro-
grammed in mid-scquence, or cven left to
operate on its own.

The final portion will discuss ways of
providing Unicorn-One with senscs such
as touch and sight, giving it a way to
undersiand and communicate with pco-
ple, and, in addifion, giving it the ability
to react 1o its environment without hu-
man inlervention.

Basic mechanical components

Since we are building a robol from
scratch, it might bea good idea to become
familiar with some of the major compo-
nents which affect its operation.

There are two electro-mechanical parts
which are used to impart motion to the
rohol-—motors and solenoids.

Motors are used for continuous motion
(in the mability base, for example, to get
[rom onc place to another, or in thearms,
[or lifting). Solenoids are usually used for
a “onc-shor™ effori—say, opening or clos-
ing a grasping member.

Several different types of motors are
used in Unicorn-One. Typically, they are
low-voltage, high-speed, DC motors
which are slowcd down (they operate at
several thousand RPM) to do what we
want them to. That slowing-down is
accomplished by gears, which gives us
two benefits.

First. the rate of speed is reduced to a
“real-world™ level and, second. each time
the speed is reduced by half, the torque
(eflective power) is doubled. That allows
us Lo use Inexpensive motors Lo give our
robot a reasonable amount of strength.
The same principle is used in automobile
transmissions. (You can spin your wheels
in low gear, but you ¢an’t start to build up
any rcal spced until you get into second or
higher.)

To put it in mechanical werms, il a
motor spins at 6000 RPM, 1l won't do
much for our robot arm unless it is geared
down to make the action slower and more
powerful. If we attach a 12-tooth gear to
the motor, and mesh that with a 24-tooth
gear, we'll achieve a speed reduction of
1:2 (12:24) and, at the same time, double
the clfective power of the motor. Every
time the twelve-tooth gear turns once. the
other will make only hall a revolution,
while transmitting the full power of the
entirc original revolution—which, i vou
add it up. doubles the original power of
the motor.
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GLOSSARY

Anti-backlash gear—Gear used to reduce or eliminate backlash,
See BACKLASH, GEAR.

Angular motion—Rotary motion about an axis, as in the case of

wheels ar gears.

Backlash—Unwarted "rebound” movement in gear systems re-
sulting from Inertla.

Center punch—Pointed tool used to indent the surface of hard
materials lor marking purposes or to form a start-
ing point for drilling.

Computer control—Direction by means of instructions pro-

grammed into a computer

End-effector—Unicorn-One’s “hand.”

Gear—Toothed wheel or cylinder that meshes with anothar to

transmit motion or lo change speed or direction.

Gear ratio—The relation between the number of teeth on one gear
and another. The higher the ratio, the greater the
reduction in speed and the greater the increase in
torgue.

Manipulator—Unicorn-One's “arm."”

Mobility base—The part o the robot that gives It locomotion.

Radio control—Direction by means of instructicns transmitted by
radio to a receiver located at the object being

controlled
Robot—Machine that works automatically or by remote-control.

Generally assumed to be manlike in shape and function.

e I

NASA's space and planetary probes, however, are robots,
and they don't look the least like us.
Robotics—The science of robots.
RPM—Revolutions par Minule
Scribe—Pointed tool used to mark hard surfaces to indicate areas
to be cut, sawed, or drilled.
Sensor—Device which responds to a stimulus A photo-electric
cell would be ar example of a light sensor.
Shaft—Rotating rod or bar which transmits mechanical power,
Solenoid—Electromagnel with a ferrous-metal rod through its
core. An induced magnetic field causes the rod to
move in or out of the core,
Sprockel gear—Large-tcothed gear whose teeth ride in the links
of a chaln and imparl motion to it.
Switch-control—Operation of an electrical or electronic device
through the opening our closimg ol a circuil,
T—Abbrev. for "teeth.”
Tap—Screw-like cutting too designed to cut threads into drilled
holes.
Tap drill—Drill bit whose diameter |s best suiled for use with a
particular tap.
Thread—Spiral or helical ridge of a screw, boll, nut, etc.
TPI—Abbrev. for "threads-per-inch."

Using various gearing systems we c¢an
easily reduce the speed of a 10,000 RPM
motor to an effective 167 RPM, allowing
us to use that motor to give real-time
motion to the robot’s arms.

If we use what is known as a worm
gear, we can not only change the speed of
the motor—and increase its torque—bul
also change the direction of the motion.
Such an effect can be used effectively in
the robot’s mobility base.

Various gear assemblies can also
change a motor's output from angular
(around the axis of the shaft) 1o linear—
that is, from rotary to straight-line, as
would be needed in order to push a
“hand” forward.

Gears can also be used simply to
change movement from one direction to
movement in another (say, through an
angle of 45°).

The second type of moutor used 1n Uni-
corn-One 1s the stepper motor. That type
of motor responds by turning just a little
bit for each electrical pulse it receives.
Thus it is possible to move a stepper
motor just a fraction of a degree at a time,
as might be required in steering the
robot. If large amounts of motion are
required, multiple pulses are applied.

In addition to the motors, we also use
solenoids to control the robot’s motion. A
solenoid is an electromagnet which has a
ferrous-metal core. When Lhe magnet is
energized, the core—usually a free-shd-
ing metal rod—is either pulled into, or
pushed out of, the magnet’s coils. Uni-
corn-One uses solenoids to actuate its
grasping members (hands/fingers). If
power is applied, the solenoid is actuated
and pulls the core inwards. That move-
ment causes the “fingers” to close and to
grasp the object in question; the grasp
will be maintained until power to the
solenoid is cut.

Some solenoids also incorporate gears.

UNICORN-ONE nearing completion. Humans at
work give idea ol robot’s size.

and rotate the gears, and their attach-
ments, through a specified angle, when
they are actuated. (They may turn a
wheel 45° at a single, momentary com-
mand, [or instance.)

Finally, we have to consider /[imit
switches. Those are absolutely necessary
to the well-being of the robot. If we actu-
ate a motor and do not, later, tell it to
shut off, we are liable to do damage to the
mechanical parts of the robot or even to
burn out the motor itself. The lumt
switch is a device which senses when a
mechanical part has reached the predeter-
mined limit of its travel and opens (or
closes) the appropriate electrical cricuit
to stop the device which is causing the
part to move. Limit switches are an inex-
pensive way 10 give a measure of control
to your robot without your having Lo pay
aftention to its every movement.

In addition to the above. we will also

Torque—Force that produces a twisting or rotating motior
Unicorn— Uiniversal Controllable Robot |

use¢ cables and pulleys, anti-backlash
gears, bearings, and other mechanical de-
vices to give motion to Unicorn-One.

As we encounter those various compo-
nenls in the construction of Unicorn-
One, we’ll gointo a greater description of
their function and operation, and explain
why wt arc using them,

Manipulator construction

The construction of a robot, judging
(rom the available literature, is an expen-
sive proposition, involving skills, materi-
als, and tools not normally encountered in
the type of project presented in Radio-
Electronics. We'll dare to be different
here, however, and show you how you can
build Unicorn-One using tools you proba-
bly have on your work bench and materi-
als that are easy to come by. Even if you
have never worked with metals before,
we'll provide you with the knowhow to
construct a working robot.

The drawings in Fig. 1 show the
dimensions for a robot of ideal size. You
may, however, decrease or increase those
dimensions to suit your budget or needs.
Bear in mind that, for radio or remote
control, where the power source must be
self-contained, the robot’s overall weight
becomes a very important factor and you
may wan! to deviate from the dimensions
given.

The first portion of Unicorn-One that
we'll construct will be the manipulators
(arms). They will be fabricated from stecl
rod and aluminum plate, and dimensions
and instructions for the metalworking
will follow. We'll describe the construc-
tion of one manipulator. If you want a
two-armed robot, do everything twice.
Before you proceed, though, read and
heed the following precautions about
metalworking:

» Always wear salety goggles or
glasses when sawing, drilling, tap-
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Fig. 1—_DIHEHEIDHE of Unicorn-One as described in texl. Size is not critical, though, and scale or
dimensions may be altered to suit the requirements of the bullder.

ping or filing metal (or wood or
plastic)

« Never wear lies or loose clothing
when operating power tools

» Hold tools properly and make
sure pieces being worked on can-
not move around

The instructions which follow are in-
tended to be used in conjunction with the
diagrams which accompany them. Do not
try torely only on one or the other. If you
have a question, the diagrams can proha-
bly supply the answer if you study them.

Basically, there are only two different
diameter steel rods used to make all the
manipulator sections. The cross members
are cut from 0.375-in. ('/s-in.) steel rod
and the side rods from 0.2497-in. ('/s-in.)
material. The threaded steel rod i1s /s inch
in diameter with 20 threads-per-inch.
The shoulder and elbow hinges, and the
two contractor-bar pivots, are cut from
0.250-in. ("/-in,) aluminum plate.

The aluminum parts should be made
first since they require more work than
the rod sections. To keep costs low, usec
scrap material wherever you can.

The first step is to mark the dimensions
of the aluminum part. Do that with a
scribe, pointed nail, or even a knife. Don't
use pencil, since it rubs off casily. When
you cut the part, cut along the outside of
the lines. You can always file off excess,
but it's impossible to put back a little bit
too much you removed while cutting, Use
a visc to hold the picce steady and usc a

SHOULDER
HINGE

B s
».
“&UPFEH ARM

CONTRACTOR-BAR
PIVOT

a= 0.1368" DIA,
b= 0.375" DIA.
c= 0.250" DIA.
d= SEE TEXT

FOREARM CONTRACTOR-BAR PIVOT

Fig. 2—DETAILS of the aluminum parts which must be fabricated. Steel cross-bar rod is also shown as
an example. Nole that there are several different versions of this par.

hacksaw blade with 24-32 teeth-per-inch
to give a smooth cut.

The shoulder-hinge sections are two
rectangles, 1 X 1.4 inches, drilled to
accept two “/s-inch rod sections (Figs. 2
and 5). There are two ways by which the
steel rods can be secured to those hinge
scctions: a 'Yw-inch hole can be drillled
through each for use with roll or dowel
pins, or a No. 44 bit (.086 inches) can be
used to make a hole which can be tapped
for a 4-40 machine screw. Figure 3 shows
some of the taps and Lap drills that can be

used in the construction of the robot.
For the elbow hinge (Fig. 2), outline
the part on the aluminum plate and, using
a punch, mark the places where holes will
be drilled. Saw out a rough rectangle and
drill the .375- and then the .136-inch
holes. With the holes drilled, the part can
be cut and filed down to the proper size.
The two contractor-bar pivot parts
(Fig. 2) require a little more work. Agdin,
cut the parts roughly to size (see Figs. 2
and 5). As in the shoulder-hinge pieces,
cither a dowel pin, or a 4-40 machine

L Leneny
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Fig. 3—TAPS AND TAP DRILLS. First number

indicates sira; sacond, threads-per-inch
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Fig. 4—MANIPULATOR ASSEMELY. Finishad
unil and separale pieces ae facing opposte

ways.

screw, may be used to provide the pivot
support. The upper-arm pivot parl has a
lapped '/s-20 hole for the '/.-20 threaded
rod used to provide elbow action. That
hole may be made either with a #7 bit
(.207-1n.) and tapped to '/-20 or drilled
out shightly larger—.413 in. minimum—

SHOULOER
HINGE

STEEL
SIDEROD

I

MOTOR WITH——
GEARS

CROSS-BAR ,_,.f-""'#
ROD

CONTRACTOR ——
BAR PIVOT

THREADED

STEEL
ROD

_-_._____._.-"

CAOSS-3AR ROD

41’5 - 425
1.30 1,30

211 -
: : END-EFFECTOR"®

5.40 >l 6.50 4 00— | 5.30 =
' le——350—te—250—>le—2 70—
-*
l.'LEI =

T LOCATION OF CONTRACTOR

3AR PIVOT POINTS
1125 —»] |‘§_ USE NUMBER 43 DRILL (0.089),

SECURING 0.2487 RODS TO 2497 DIA. ROD

OF s TAP 440

0.375 CROSS-BAR RODS {m

-‘3

USE NUMBEF I]‘IE?E

4
;r —»4 !-i—UJETE

HE FER TCU ASSEMBLY

19 DRILL (0.166)
USE NUMBER 23
DRILL (0.136), TAR °
g-32

ALL DIMENSIONS IN INCHES
"SEE TEXT AND LATER ISSUES

CROSS-BAR ROD

U.1875

DHAWIHE
J LD VIEW OF 0.375 DIA,

Fig 6—SIDE AND TOP views of the assemhiad manioulator, End-affector and contractor-har will he

covered in the next installment.

to accept a threaded insert, which will
give a smocther action. The Ilatter ap-
proach is preferred, but the former will
give satisfactory results, provided the
work is done with care. Both pivot parts
should be carefully cut and filed to
shape.

To prepare the six steel cross-bar rod
sections, cut each length slightly longer
than called for. There will be two 3.25-
inch sections. two 2.6-inch sections, one

CROSSBAR RODS

Fig. 7—MOTOR AND GEAR arrangament used 1o
drive threadad rod, as described in text.

CROSS-BAR ROD

|
Lj__ii-.-il rq 2.10 "I

==17 B o @T&s‘

® gt W _'f_

.00 =

=l ol

Fig. 5—FABRICATION AND ASSEMBLY details of the manipulator. It would be a good idea to make a
copy of this and keep it near your workbench for re‘erence,
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FOR UNMARKED HOLES. SEE FIGS. 2 AND 6 FOR SIZES
ALL DIMENSIONS IN INCHES

(&) PART DIAMETER 0.2497" STEEL ROD

PART DIAMETER 0.375" STEEL ROD

(C) PART MADE OUT OF 0.250" ALUMINUM PLATE

@ PART IS A 7.00" SECTION OF 1/420 THREADED RDD
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Item _ Size - Quantity
Steel rod 0.2497 0. | 72in.
diam
Steel rod 0.2497 in. | T2in,
diam. -
Steel rod 10.375 in. diam.| 36 in.
Steel rod ' 0.3497 in. 36 in.
diam.
Sheet aluminum | 0.0625 in. 6 x 12 in.
thick
Sheet aluminum | 0.250 in. thick | 1 % 18 in.
Sheet aluminum | 0.250 in. thick [1.,.5x 6 in."
Threaded insert | OD 0.413 in. Z
TPRPI Vu-20
Threaded rod Ye—20 14 in.
Threaded rod Va-20 14 in.
Reduction gears |20 T, 0.458 2
diam. Ya-in.
bore, 48-
pitch
Reduction gears |48 T, 1-in, 2
diam. Vi-In,
bore 48-
pitch
<haft collar QD 0.50in. 4
ID 0.2497 in.
Shaft collar oD 0.50 n. 4
ID 0.2497 in.

nnooopdccannana §l:
-

PARTS LIST

< 5.75" *

0625 X 1.00" X 5.75" ALUMINUM

- —

ND. 18 DRILL ————»0)

1 J_ Y

‘Supplier's Supplier's
part no. |Supplier Item Size Quantity | parl no. |Supplier
' SR500 | @& Dowel pins OD 0.0625 in. 6 D16-625 | @
“a=in. long
SL-14 B or
4-40 screws 4-40 x Y in. 6 Z29-4- ®
SR 375 @ 40-A10
S1-33 B 8-32 screws 8-32 x ' in. 44 79-8- B
socket-head J2-A8
sCrews
SA 625 A
Elbow motor 12 VDC, Ve-in. 2 P-42670| ©
diam. shafl
SA 250-18| (&
(&) The Robot Mart
Tl 1420 ® Room 1113
. 19 W. 34th St.
New York, NY 10001
TR 25020 | (A )
Cataog $3.00
Ti-7 ® R ath }
(B) Winfred M. Berg, Inc.
G207-48| @& 499 Ocean Avenue
Rockaway, NY 11518
(C! Edmund Scientific Co.
G 48T-48 & 101 East Gloucester Pike
Barrington, NJ 08007
The above suppliers have catalogs available upon request.
C 525 A NOTES: Iltems grouped together are interchangeable. Illems
marked with """ include quantities for end-effectors.
CS-T @ Suppliers shown are nol necessarily the only sourca for
items indicated.

*LENGTH VARIES WITH MOTOR USED

Fig. 8—ATTACHMENT OF DC motor to side rods. Clamp dimensions will vary according to the particular

motor used.

2.1-inch section and on¢ 1.5-inch one.
Lock each piece into the chuck of a vari-
able-speed electric drill and remove the
saw marks by running the drill slowly and
filing the rotating rod., When the saw
marks have disappeared, angle the file
approximately 45° to the rotating stock
and lightly bevel the end of the section.
Reverse the rod and repeat the procedure
on the other end. Next, with the rod still

in the chuck, polish its surface with “A”
grade silicon-carbide paper. That will
give the rod a high-luster finish and
remove any remaining surface scratches.
The procedure is best carried out by two
people.

Carcfully drill the rod secctions to
receive the 0.2497 in. side rods. Each hole
drilled must be perpendicular to the rod
and parallel to the other hole. If they are

available to you, a drill press and "V"-
block should be used to make sure of this.
To allow the arm to taper, enlarge the
holes slightly by “wobbling™ a hand-held
drill in them.

Figure 4 is a photograph of a [ully
assembled manipulator (with end-cfTec-
tor) and assembly details are given in Fig.
5. Also refer to Fig. 6. Those should help
you 10 picture what has to be done, and
where.

Drill into both ends of five of the six
rod sections using a No. 29-bit (.136 in.).
Use a punch to mark the center of the
rod’s diameter and to avoid slippage of
the bit. Drill deeply enough to penctrate
the .250-inch side-rod holes made previ-
ously. One of the 3.25-inch sections—the
one which will be used at the top of the
arm—gels a .250-inch hole, 1 inch deep,
in one end. That will later be used to
anchor the arm to the body.

Assemble the two 3.25-inch cross-bar
rods and the rectangular shoulder-hinge
plate. Use a center punch to mark the
rods through the .136-inch holes in the
plate. Take the assembly apart and use a
No, 19 bit (166 in.) to drill into the rods
al the four places marked. Then tap those
holes for an 8-32 thread. Also use an 8-32
tap on the .136 in, holes which were
drilled into both ends of five of the rods.

Check your work against the diagrams

continued on page 76
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UNICORN-1
continued from page 4/

to make sure that you have not omitted a
step. It will be very frustrating if you are
halfway through assembling the arm and
discover that you have to take it all apart
again to drill one small hole that you
omitted earlier.

Arm movement

The upper-arm assembly includes a
section of '/i-20 threaded rod which,
when rotated by the elbow motor, allows
the robot to flex its arm. The thrcaded
rod, which passes through the threaded
hole in the pivot slide bar, will move that
bar one inch for every 20 revolutions it
makes. Using the dimensions givén, this
will produce a maximum travel of 5.5
inches. A motor turning at 6600 revolu-
tions per minute would be required to

The collar prevents the rod from being
pulled upward by the motor.

Figurc 8 shows a clamp joining the
motor and the side rods of the upper arm.
That clamp is made from a piece of " X
I-in. sheet aluminum fared to accept an
8-32 bolt which applies tension 10 hold
the motor in place.

While the preceding may sound some-
what complex at first reading, it can be
done and will yicld a perfectly workable
robot arm. You are encouraged to use¢
surplus sheet metal, rods, and gears to
keep costs down. For convenience sake,
however, a list of components and their
sources is shown in the parts list.

The next part of this series will de-
scribe the assembly of the manipulators
and will cover the construction of the
robot’s end-effectors (hands). In addi-
tion, we will go into the electrical wiring
of the manipulators.

flex the elbow through 90° in four scc-
onds.

The most readily available motor, how-
ever, turns at 10,000 RPM and would
make that action too fast. If we add a
one-inch diameter, 48-tooth gear to the
threaded rod, and a '/:-inch, 20-tooth gear
to the motor, we reduce the effective
speed of the motor by 50% and can
achieve full elbow action in a bit under
ten scconds. Figure 7 illustrates that
arrangement. Note that the threaded rod
has a collar secured to it by a set screw.

Should you have a question about any
part of this series, the author may be
reached in care of Radio-Electronics.
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J2-pages of test instruments — from the
latest digital multimeters to the famous
EICO scopes. Securily systems. Autlo-
motive and hobbyist praducts. Kits and
assembled. EICO quality. EICO wvalue.
For FREE catalog, check reader service

card or send 50¢ lor lirst class mail, |

L / © 108 New South Road

m Micksville, N.Y. 11801 |
Yoo |

CIRCLE 51 ON FREE INFORMATION CARD

Please enclose a self-addressed, stamped
envelope with your inquiry to insure a
prompt reply.
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" Association

CM TV-4200 o it O
SATELLITE & ,
GROUMD RECEIVER 5
- %

Kieps 20 4

International incorporales advanced tech-

Clever Kleps

Test probes designed by your needs — Push to seize, push
to release (all Kleps spring loaded)

Kleps 10. Boathook clamp grips wires, lugs, lerminals
Accepls banana plug or bare wire lead. 434" long

Kieps 20. Same, but 7" long

Kieps 30. Completely flexible. Forked-tongue gripper Ac-
cepls banana plug or bare lead. 6" long

Kleps 40. Completely flexible. 3-segment automatic collet
firmly grips wire ends, PC-board terminals, connector pins )
Accepts banana plug or plain wire. 64" long

Kleps 1. Economy Kleps for light line work (not lab guality) Kieps 1
Meshing claws, 4%2" long

e A f‘(ﬂ—'-"

ﬁ..&_.; nology a! its best in a fully packaged and
assembled receiver covering all satellite chan-

nels 3.7-4.2 GHz band. Standard dual audio outputs

provided at 6.2 and 6.8 MHz,

Kiegps 40

FULLY TUNABLE EASY TO USE
Covers all salolife channels Simple tuning
3.7-4.2 GHZz band Buit-in LNA power supply

Gu-'ﬂ'.;" avals compalabia wilh
DUAL AUDIO OUTPUTS s FBARDL Bt AT oL
b2 and 6.8 MHZ authg standard

Dihars available OPTIONS A L e N e

AFC
DIMENSIONS AT
"""'.-rH A 111‘3?“ i 4 'F!:' .hm-\_-l'_ El q

Addmonal audo Irequences

o Pruf 10. Versalile test prod. Solder connection, Molded

O The ICM TV-4200 Satellite Receiver with power supply, tuner phenolic. Doubles as scribing tool, “Bunch' pin fits banana ;

E control circuitry and power cable. Shipping weight 12 lbs jack, Phone tip. 5%2" long | !
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Unicopnl-1
ROBOT

Part I|—By the end of this section, your robot's arm will be
operational. Here are instructions for completing
the arm, and for building several types of hands.

UNICORN-ONE IS A ROBOT THA YOU CAN
build for between two- and-four hundred
dollars, depending on your ingenuity and
scrounging abilities, It is fully mobile and
has the ability to usc its arms and hands.
It can be controlied by a cable link to a
console, by radio control from a console,
or in conjunction with a computer.

The first part of this scrics described
some of the components used in the
robot’s construction, and covered most of
the assembly of its manipulaior(s)
(arms).

In this installment we will complete
Unicorn-One’s manipulators and build its
end-effectors (hands). From time to time
we will present you with certain options
that you may or may nol want to include
in your version of the robot.

Remember that one of this project's
objectives is to build a working robot, but
at a reasonable cost. When you start add-
ing frills—which you may consider ne-
cessities—that cost is going to go up. It
might be wisest to start with the essen-
tials, to prove that what you have set out
to do can be done, and lo add the extras
later. Unicorn-One was designed with
that plan in mind and all the options
described—as well as most extras that
you'll think of yourself—ean be added
afterward, with no major alterations 10
the robot already constructed.

Completion of manipulator

The last part of the manipulator to be
fabricated is the contractor-bar (we saved
the easiest for last). That is simply a bar
of aluminum '/« X '/: X approximately 6

JAMES A. GUPTON, JR.

inches long. The actual length will de-
pend on how far vou want the elbow to
bend, but we've found that 6 inches is a
good size to work with. Use a No. 33 bit
to drill a hole close to each end of the rod
so 1t may be connected to the rest of the
arm with No. 4-40 screws at the two con-
tractor-bar pivol pieces. See Fig. 9 and
Fig. 6 (part 1, last month) for details.
Al this pont you are probably anxious
to see how (and whether) the elbow
action of the manipulator works. Before

FIG. S—MANIPULATOR, showing coniractor-
bar and its attachment lo the iwo pivol-

pieces_

you power il up, though, there is one
more step that must be taken. If you were
to turn on the mechanism now there is a
very good chance that you would uninten-
tionally allow the threaded rod to travel
too far . . ., and jam. That could prove
extremely embarrassing.

To prevent jamming from taking place,
we have 1o install limir switches. Those
are lever-type snap-action switches that
are placed so that power to the clbow

motor will be cut when the part in motion
reaches the desired limit of its travel.

Both upper- and lower-limit switches
are used to protect the mechanism during
motion in either direction. If power is
applied to the elbow motor through one
of the limit switches, the threaded rod
will turn and cause the forearm to move
up or down. When it has gone as lar as it
can, 1t will contact the limit switch and
stop the motor,

Since we are using DC mators, revers-
ing the current flow in the windings (con-
necting the power source “backwards™)
will make them turn in the opposite direc-
tion. Therefore, Lo make the arm move
the other way, the other limit switch sup-
plies the motor with current of the oppo-
site polarity.

Almost any size lever-type, N.C. (Nor-
mally-Closed) snap-action switch may be
used, as long as there is room to mount it
There is no firm rule as to where the limit
switches must be located—the objective
1s Lo place them so that they will be
turned on by some moving part of the
arm in time to stop its motion before
damage occurs.

Figure 10 shows one possibility for the
placement of the upper- and lower-limit
switches. Here, the upper-limit switch is
attached 1o the side rod so that its con-
tacts are opened when it is contacted by
the upper pivot hinge. The lower is placed
so 1t will contact the side rod when the
arm 1s lowered and the side rod and con-
tactor-bar are nearly parallel, There are
other ways of achieving the same results.
of coursc.

0B61 ¥3ENW3Ld3S
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FIG. 10—LIMIT SWITCHES attached to contrac-
tor-bar and aluminum block on side rod.

There are two things to bear in mind
when placing the limit switches. First,
make sure that positive contact will al-
ways be made and that there is no possi-
bility that the switch can be turned on
accidentally. Second, when taping the
switches' wires (and those of the other
electrical parts, such as the motors) in
place, take care that the tape and wires do
not impede the action of any of the mov-
ing parts.

The wiring of the limit switches, end-
effectors and motors will be covered in
some more detail toward the end of this
section.

End-effectors

An arm is of little use without a hand at
the end of it, so we will present iwo ele-
mentary, but serviceable, types of end-
effectors for you to choose from and give
you the option of constructing a more
complex (and expensive) one, should you
so desire.

The two basic hand types we’ll describe
are the finger and the claw. Your robot,
being ambidextrous, can actually have
one of each, using one for one purpose,
and one for another.

The grasping action of both types of
hand is provided by solenoids—electro-
magnetic coils with rods through their
centers. When a current 1s passed
through the coils, the rod is either pulled
into them or pushed out of them. If that
rod is connected to part of the hand, the
hand will close (in our case) when power
is applied to the solenoid. When power is
cut, the hand opens by means of a spring
which is either part of the solenoid or part
of the hand mechanism itself.

Selection of the solenoids i1s not criti-
cal. There are three conditions which
must be satisfied: voltage, size, and de-
gree of travel.

The solenoids should be rated to turn
on with 12 volts since the robot will
almost certainly be using a self-contained
12-volt storage battery when it is operat-
ing under its own power. The size of the
solenoids will determine the strength of
its grip. You may want to use a stronger
solenoid in one hand than in the other to
allow the robot to perform tasks requiring

—1 FINGER
CONTACTOR-BAR

' \/\r 1% E"_"*-‘_f

MOVEABLE
FINGER
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BASE DRILL
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A: TAP 440
B: TAP8-32
C: NO.33DRILL

MAKE From ™1 .30
25 ALUMINUM STAND-OFF

SOLENOID
FIXED FINGER

7 GLOSED

FINGER CONTACTOR-BAR

MOVEABLE FINGER

FIG. 11—FINGER-TYPE end-efector assembly drawing. Hinge construclion is described in text,

different degrees of delicacy. As for the
degree of travel (the distance of the sole-
noid’s rod can move) we've found that a
'/1- to-"/s-inch rod allows the hand to open
far enough for most applications.

Finger-type

Dimensions of the finger-type end-
effector are shown in Fig. 11 and one of
the completed units in Fig. 12. The mate-
rial used for that part is /i X '/>-inch
sheet aluminum. The fixed (upper) finger
is made from a piece 3.3 inches long and
the movable (lower) finger, from a 3-inch
one. The angles should be formed by
placing the metal in a vise and bending as
evenly as possible. Use a hammer to give
uniformity to the surface.

The finger contractor-bar is made of
Y1s X Ys-inch aluminum, drilled at both
ends. The length depends on the sole-
noid’s travel. As shown in Fig. 11, a half-
twist is put into that bar. One end of the
bar is attached to the solenoid, which is
mounted on the outside of the fixed fin-
ger, and the other is inserted through a
slot sawed in the outside edge of the mov-
able finger and secured with a cotter pin
or similar device.

The movable finger is attached to the
hinge (refer to Fig. 13) by two No. 4-40
screws. The hinge itself is supported at

FIG. 12—COMPLETED FINGER-TYPE end-ef-
fector. Gear is non-functional, but adds to
appearance.



one end by a '/>-inch diameter piece made
from a section of an aluminum stand-off
with a long No. 4-40 screw acting as the
hinge pin, The finger/hinge assembly 1s

FIG. 13—DETAILS OF HINGE used in finger-
type end-effector assembly.

fastened Lo an end-plate one inch or more
in diameter and '/ inch thick using No.
8-32 screws and that, in turn, is mounted
to the last cross-rod of the manipulator’s
forearm. The original Unicorn-One used
a non-functional gear to build up the end
plate and to give the robot a touch of
class.

The hnished end-effector may be fixed
horizontally, vertically. or at any angle in
between. Its position depends on the use
to which the member will be put.

Claw-type

For heavier-duty applications, you
might want to use a claw-type end-effec-
tor; Lthat type of hand is shown in Figs. 14
and 15. On s-inch aluminum plate, usc a
scribe to mark the outhine of the two sec-
tions. Rough-cut the pieces, taking care
to keep to the outside ol the outline to
allow a margin for error.

Using a hacksaw on the inside angles of
the claw may prove to be difficult or even

PARTS LIST

e ‘25 e
A
FIXED CLAW 1
E>
Y

END-EFFECTOR BASE

END EFFECTOR BASES AND
CLAW SECTIONS CUT FROM .36 ALUMINUM PLATE

(ﬂ l 17 wineen cuaw
325 fe— |
¥

1.625 -
- 1.30 ——>]
25
080 T

A: NO,33DRILL
B: TAP8-32
C: NO.55DRILL

BASE DRILL AND TAP
LOCATION GUIDE

12VDC SOLENDID

CROSS-BAR ROD

ARM |1
SIDE ROD |

SOLENOID
MOUNT

| -

sOLENOID MOUNT CUT
FROM .0625 ALUMINUM SHEET
TO FITSOLENOID

ALL DIMENSIONS IN INCHES

TORSION SPRING
(SEE TEXT)

*USE ONE CENTER, OR TWO
SIDE, MOUNTING HOLES AS NEEDED

FIG. 14—CLAW-TYPE end-effector assembly drawing. This is a heavier-duty mechanism than the
finger-type and you may want one of each.

impossible. Instead, try drilling a closely-
spaced series of small holes along the out-

Drill two small holes through the two
claw sections, in the plane of movement

side of the part. Then, using a cold chisel,
knock 1t out and file it to shape, along
with the rest of the claw.

(parallel to the flat sides of the claws), to
pass Lthe cable from the solenoid, which
can be anchored by a screw to the lower

SUPPLIERS

Size Quantity Supplier's Supplier

part no.

0625 in. thick
250 in. thick

250 in. thiek

1275402 SAR25

1.5 X Bin,” SAZ250-9

0.5 X 6in. SA250-3

A The Robot Mart
Room 1113
19 W, 34th St.
New York, NY 100071
(Catalog $3.00)

G Guardian Electric Mig. Co.

Advertising Dept.
1550 W, Carroll Ave.
Chicago, IL 60607
(Write for list of local

Size 50, 2 X 1
1in, 12 VDG
Size 75, % X 1
1% in. 12 VDC
Y-, stroke.
12 VDC
"o-in. stroke,
12 VDO
"D"-frame, 12
VDG
Subminiature
roller-tever-
type. S-amp
Subminiature
lever-type,
S-amp
2-56 X%

4-40 X

distributors.)
176801-035 B Winfred M. Berg, Inc.
499 Qcean Avenue

E. Rockaway, NY 11518

H Liberty Controls, Inc,
500 Brookforest Avenue
Shorewood. IL 60431

174610-031

26 Ledex, Inc.
Box 427
Vandalia, OH 45377

| Radio Shack
Consult your local
telephone directory.

126

290001-033

NOTES: Items marked with ' * ' were al-
ready specified in the parts list for
Part One of this series. Items
marked with 1" are to be select-
ed according to the builder’'s re-
guirements. Components may
also be available from suppliers
other than those indicated. Some
suppliers have minimurm order re-
quirements. Inquire before plac-
ing order.

2715017

275-018
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FIG. 15—ASSEMBLED CLAW-TYPE end-effec-
tor. Piano wire may be used o connect solencid
and lower portion of claw.

claw. A small hole should also be drilled
into the fiar side of cach claw into which
the ends of the spring which will keep the
hand open when the solenoid is not
turned on.

Robot manipulator-claw springs are
not an off-the-shelf item in most places.
so you'll probably have ta make your own.
Figure 16 will give you an idea of what
vou'll need. If vou haven't taken apart
any clocks recently, you might try using a
section of the type of spring used to close

FIG. 16— CLAW-TYPE end-effector showing
homemade torsion spring. Tex! gives details.
screen doors in the summer. Maternial '/i:-
in, in diameter scems to work out well.

The tension of the spring will affect the
claw's actions. If it’s too strong, the claw
will not close properly and the robot’s
grip will suffer, and il iUs o weak, there
can be problems with keeping it open. If
that sounds confusing, bear in mind that
the purpose of this particular spring is lo
hold the claw open, not closed.

Attachment to the manipulator is simi-
lar to that for the finger-type end-cffec-
tor, but vou may decide to mount the
solenoid (which will probably be larger
than the one used for the other) directly
on the forearm and feed the cable
through to the claw.

You might want to lire this hand—or
possibly both—with foam rubber or a
similar material to give i1t a better grasp
on slippery ohjec!s

A more elaborate tvpe of end-effector
is shown in Fig. 17. It also uses the claw-
type mechanism but has an additional
degree of freedom a4 term referring to
the different ways a joint can move.
(Your own arm, for cxample, has three
degrees of freedom: It can 1wist, move up
and down, and move from side-10-51de.)

HAND +12V (L1)

DOWN ELBOW LIMIT SWITCH

S4IN.C.)
UP ELBOW LIMIT SWITCH
33IN.C.)
ORANGE
GRFEN
WHITE

B-TERMINAL

= BARRIER STRIP
(SEETEXT)

CONTRACTOR
EAR

+12V

ODRANGE

GREEN

]

BLUE

FIG. 18—WIRING DIAGRAM flor manipulator and end-effector. Color-code wires in order o avaid

conlusion,

The added mobility is gained by plac-
ing a stepper motor between the arm and
the hand. The stepper motor’s shaft turns
through a small porticn of an arc each
time a short electrical pulsc is applicd to
it. The result, if cnough pulses are
applied, 15 a twist of the wrist—and an
added degree of freedom!

Because those pulses are best generated
by a digital electronic circuit—which we
have not yet discussed—we'll postpone a
description of the construction of this
type of hand until we start putting togeth-
er Unicorn-One’s electronics. For certain
applications, though, it can be indispensi-
ble.

Wiring and testing

A wiring diagram for the motor, sole-
noids, and microswitches, with their asso-
ciated controls, is shown in Fig. 18. The
cight-position terminal strip illustrated is
actually part of a 32-position strip, which
will terminate all motor and switch con-
nections. Since 32-position terminal
blocks are difficult to locate, do the best
vou ¢an with smaller ones—but allow for
at least 32 positions. That will give vou
several extra positions which you can lat-
er use for your own options.

Color-code the wiring to simplify cir-
cuil tracing and make sure thal every-
thing goes (o the right place and thal vou

have electrical continuity.

Now, with the limit switches installed,
you can check out the actual operation of
the manipulators and e¢nd-effectors. In
fact, this is the best time to do so. (1f you
were to wait any longer, and the arm were
altached 10 the body, you might have o
do guite a bit of tearing-apart 1o get to,
and correct, any problem that showed
up.)

The parts list shows sources of supply
used by the author. There are certain 1o
be others, though, possibly more accessi-
ble to you. In fact, many of the materials
specified can probably be found, in a
form close enough to work with, &t vour
local hardware or building-supplies store.
Even closer—and more economical—
may be vour basement or 2 nearby junk-
vard.

The next part of the Unicorn-One
series will concern itselfl with design con-
siderations and construction of the ro-
bot’s mobility base—the section that gets
it from place to place. Also included will
be details of the main 32-position termi-
nal strip, which will be the heart of the
robot’s electrical distribution and control
system. The design of that section will
permit casy changeover, when you're
ready, from manual control by cable-con-
nected console to radio control and, later,
to control by microcomputer. R-E
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Unicopn-1
ROBOT

Assembling

the Legs

Part 3— Every robot should have a way to get from piace
to place. This part of the Unicorn-One series describes the
mobility base, which allows the robot to do just that.

HAYING ALREADY OUTLINED THE CON-
struction of the robot’s arms and hands in
parts | and 2 of this series, we'll now
discuss its mobility base—the powered
section that allows it to move from place
to place.

The mobility base houses the robot's
electrical power source, its drive motors,
and the heart of its wiring system.

While it may be necessary to purchasc
some of the components of the mability
base new, there s still a lot of money that
can be saved through judicious scroung-
ing. Remember—it doesn’t really matter
what you use to get something done, as
long as it does gel done and the results
are what vou need.

We’'ll present two approaches to con-
structing the mechanism of the mobility
base. The first, which may require some
cash outlay, is the one we've found Lo give
the best results. The second, which is
more economical, is a bit trickier and not
quite as acceptable to the purist. Still,
both work.

Figurc 19 illustrates the dimensions
and external appearance of Unicorn-
One’s mobility base. Actually, for the
sake of economy. the original housing was
made using a large discarded electronic
chassis, as seen 1in Fig. 20.

One of the most stylish ways togo s o
use Bud aluminum or steel panels, plates
and frame sections, which can be ordered
through most cleetronics parts distribu-
tors. The parts list shows the designations
of the Bud parts required. Unfortunatcly,
this approach, which requires only a little

JAMES A. GUPTON, JR.

cutting and drilling, can turn out to be
fairly costly

You mught, therefore, want to turn o
scrounging (a local sheet metal firm
might have some odds and ends that
could be picked up cheaply), or purchas-
ing material Lhat was not precut. Be sure,
though, that the aluminum (if that's what
you're using) is fype S5005—an indication
of its strength., You must bear in mind
the fact that the mobility base will he
supporting at least 30 pounds of the
robot’s weight and that if it is too weak,
the mechanical integrity of the robot will
suffer,

Every part of the mobility base skin
can be made from aluminum, except for
the top. That should be fabricated from
0.125-inch steel, both to support the
weight of the body and to allow the hear-
ings upon which the body will rotate to
turn freely.

The side panels can be made from
0625-inch aluminum, since they will not
be responsible for bearing weight. An
option i3 given in the parts list to usc four
19 X 7-inch side panels. These are not, of
course, the dimensions shown in Fig. 19,
but reflect the paossibility of your choos-
ing to build a square base, and also the
use of a smaller size battery. Actually, the
dimensions are not critical. Just make
sure that the robot’s center of gravity falls
within the support points (the wheels)
and that there is enough room inside the
mobility base for the battery, mators and
terminal strip. Be sure to allow sufficicnt
clearance for you to access the battery.

Finally, aluminum angle-bracket,
available at hardwzre or building-supply
stores, will do very nicely for the [ramz in
place of more expensive materials.

Access o the maobility base is provided
by 2 hinged plate at the back (Fig. 21).
Lay out the interior so that the important
parts can be reached through the opening
this plate provides. Use the diagrams and
photographs in this installment tc guide
your thinking. There is nothing forcing
you to make a carbon copy of the urig nal
Unicorn-One. Use your imagination and
ingenuity.

A 2'/rinch wide curved opening will
have 1o be cul in the top of the mobility
basc (refer to Fig. 19) to permit wires to
be routed between the base and the body.
This opening may be located at either the
front or the rear of the top section. You
should make sure that the wires will not
jam in the slot as the body rotates—don’t
forget to allow slack in the wires for this
purpose—and the slot should be edged
with some soit material such as sevzral
lavers of electrical tape, or flexible tubing
which has been slit to fit aver the cut
metal, Lo prevent chaling of the wires’
msulation.

Transmission and drive train

There are three main seclions 1o the
“mobility” part of the mobility base.
They are the motors, the wheels, and the
parts which transmit the action of the
former to the latter. The wheels are easy
to obtain. The two 6-inch driven wheels
can come from an abandoned child’s wag-
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FIG. 19—MOBILITY BASE layout and dimensions. Figures harg are lor author's prototype —yours may
differ (see tex!). Top plate is made of steel; rest can be aluminum.

FIG. 20—EARLY VERSION of the mobility base
enclosure, bullt from parts al hand.

FIG. 21—HINGED BACK PANEL allows access
to components mounted inside mobility base.

on or sccoler, or from a lawnmower scr-
vicc shop, Lo name a few sources, The
front caster wheel is probably best found
in a hardware store.

The preferred motors, used in the first

approach, are gear moters which run at a
spced of between 20 and 25 RPM,
Sources for a 22 RPM motor are given in
the parts list. I you elect 1o go the second
route, you can use simpler. higher spead
motors. Again, refer to the parts list.

Figurc 22 illustrates a scction of a
mobility base constructed using the 22
RPM gear motors. The motor is very eas-
ily attached te the frame of the base
through the use of an alumimum angle
bracket at the bottom and two '/-inch
OD spacers at the top. Auachment is
made using the existing motor mounting-
holes. By using counter-sunk flat-head
machine screws, the exterior of the mo-
mlity base is left free of protrusions and
can be painted without further finishing,

The wheels, which nsually come with
/-inch shafts, are coupled Lo the 'Ye=inch
motor shaft by means of a 2.5-inch long,
/:-inch spacer, with an inside diameter of
Z-inch, secured to both the axle and the
shalt by means of set screws. Allterna-
tively, a .374-inch OD coupler may be
used and the shalft and axle secured to it
with dowel pins. Refer to Fig. 23 for
details.

Two mator/wheel assemblies are used,
one on each side. Front suppor! is given
by a castered wheel located at the front of
the assembly. Steering 15 accomplished
by driving only ane motor, using the oth-

D sl T — = )

FIG, 22—OME OF THE TWO gear motors used to
drive the mobility base’s wheels.

er as a pivot about which the robot turns.
Or. for spead, one wheel may be run in
one direction while (he other 1s run in the
other.

The alternate method for driving the
mobility base, illustrated in Fig. 24, uses
less capensive, bul much faster-turning
electric motors coupled to the wheels
through a set of worm gears. This meth-
od, while less expensive in terms of mate-
rials, requires a lot of painstaking labor
and probably the use of a well-equipped
machine shop. It 15 presented here mostly
as an excrcise in developing alternate
ways tno achieve the same results.

The motor is mounted on a 'Ye-inch
thick aluminum plate which, in turn, is
mounted on the inside of the bottom of
the mobility base using four spacers. The
shaft of the motor protrudes down

¥ pEEL 380190
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FIG. 23—MECHANICAL DETAILS of 22-RPM gear-motor mounting. Some dimensions may change il
sizes of wheel or wheel-shaft you use differ from those used by author.
PARTS LIST
Supplier’s Supplier’s
Item Size Quantity| part no. |Supplier Item Size Quantity| part no. |Supplier
Sheet metal 125 10.5x 19 2 PA-1106 | (A), @ or
(typa 5005) inchas (5005 alum.) S =
aluminum 3 ;:L split 2 61.085 ©
125 5 10.5 x 2 PA-1106 | (A), @)
15.75 inches Battery lead-acid, 12- | lccal
125 % 19.5 x 1 PS-1258 | (), @ m'l.t;_ﬁsg' SUppRey
15.75 inches (steel) o
495 y 10 x ’ pS.1100 @1 @ gﬂlhd-#laﬂm- as see back of
1575 inches (afum.) lyte, tor 12 required| Radio-
' ; R volts, 12 am- Elecironics
{Optional—for |{.125x 19x 7 4 PA-1104 ‘-E:L (G) pere-hours
use with mo- inches. Note: (alum.j
tor-cycla bat- 0625 sheets .
tery and 19- may be used gl i
inch square for sides If de- (A) The Robot Mart
base) sired. Room. 1113
19 W. 34th St.
Aluminum angle; 0625 x ' 16 feet | Local hard- New York, NY 10001
inches ware supply ($3.00 for catalog)
store
or Winfred M. Berg, Inc.
125 x 75 1253 75in. 1 B1-2001-3 | (A), @ 499 Ocean Avenue
7 st ®.© E. Rockaway, NY 11518
3 feet
4252 .75 in. x 1 Bl-2801 | (A), @ (C) Edmund Scientific Co.
12 faet 101 East Gloucester Pike
Barrington, NJ 08007
Rear panel 1 x 12 inches 1 Local hard-
hinge ware supply (E) Gledhill Electronics
store P.O. Box 1644
Worm gear 24-pitch — Va- 2 [W24b37-Fa0| (A), Marysville. CA 95601
inch bore, 30
teeth (G) Bud Industries, Inc.
Paris may be ordered through
Wheel motors Ei’:ﬂj gears “ ?1{56,-9;1:]53 ®.® NOTE: Part numbers for all items with “‘G"' shown as supplier arg
those used by Bud.
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BLACK BLACK HORN GROUND
RED JCLCO] | RED +12VDC
ﬂg.;r;g: g:i‘EﬁE LEFT WHEEL MOTDR
YE?[?_.”E : = 32:‘;‘,’;‘ “L  LEFT ELBOW MOTOR
E‘E'SLI,E ‘— ?::]LEM } LEFT SHOULDER MOTOR

FED pCO (5

YELLOW

CASSETTE REMOTE CONTROL

sLUE T O3l | RED RIGHT HAND SOLENOID 12 VDC
ORANGE T3 031 | DRANGE
GREEN T 0D GREEN ROEOTERODY ROTATIONMOTOR
WHITE ECEOH | WHITE GROUND
sROWN T 03] | BLUE LEFT HAND SOLENOIO 12 VOC
vELLOW TOO O3] | YELLOW  ROBOT LIGHTS 12VDC
BLACK y1 | BLACK } LEFT ELBOW UP LIMITSWITCH
sreen 1525 | GREEN LEFT ELBCW UP LIMITSWITCH
reD TS 001 | RED
L, ORANGE £ EFT ELBOW DOWN LIMITSWITCH
WHITE T GREEN }
(51 (o] et RIGHT ELBOW UP LIMITSWITCH

BROWN [ I]FIMI.IGE} .
BLACK | AED _ RIGHT ELEOW DOWN LIMITSMITCH
BLUE
BROWN L BROWN ;
WHITE | WHITE RIGHT SHOULDER MOTOR
BLUE [ GREEN
YELLOW ORANGE RIGHT ELEOWMOTOR
GREEN } GREEN e
0RANGE T | orancE RIGHT WHEEL MOTOR
RED ECrich] | RED +12V0OC
BLACK ECHICY
MOUNT 4 BARRIER STRIPS ON

‘f 17.00*

NOTE:
ALUMINUM ANGLE T X 17 X 17"

E.[I] ALL DIMENSIONS

1 IN INCHES

0.375 X 6.00" SPACER ROD

ALL DIMENSIONS IN INCHES

FIG. 26—MORE COMFPLEX DRIVE MECHANISM
is shown nbove. Power is transmitted to wheels
through right angles, by means of worms. Gear
motor drive is simpler and more reliable.

FIG. 26—THIRTY-TWO TERMINAL barrier strip
[at left) tor power distribution and control. Will
first be connected by cable lo control box and
later directly to R/C receiver or computer.
through the mounting plate and throngh
a hole in the botitom plate of the mobility
base. Attached to the end of the shaft isa
double pitch worm. This worm meshes
with a 24-pitch, 30-tooth, worm gear,
affixed to the end of the shaft which con-
nects to the wheel. As can be seen from
the diagram, several bearings are needed
for this method and the bearing hangers
(the plates which hold the bearings and
ar¢ attached to the frame of the body)
must be very carefully machined if things
are to work right. Also shown in this dia-
gram 1s another coupler, used to extend
the length of the wheel shaft.

While this method can be made 1o
work, it is one place where yvou might
want to consider splurging and buying
the gear motors to use in the first method
presented, The extra cost will be more
than offset by the case of construction
and the final result,

Power sources

Since Unicorn-One i1s a mobile robaot,
it's intended that he carry his own power
source with him. He obviously can't run
on flashlight batteriecs—in fact he needs
len to twelve amps at 12 volts. The most
economical way of obtaining this power is
through the use of a conventional lead-
acid battery.

A motorcycle batlery, mounted as
shown in Fig. 25, will do the job nicely.
(Note the plate 10 the left of the battery,
which brings 1ts leads to the outside for
recharging purposes.) A frame should be

coniinued on page 126
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BUILD A
MASTERPIECE OF SOUND

percussion and sustain. Wersis famous
; string orchestra and bass guitar, Exclu-
A slve Sound Computer for 32-128 “Une

Wersi has combined select features of
the electronic music field, added its own
creations and years of research by top
engineers and musicians. to produce an

incarnparahle line of argans

Space-age technology. True-to-life voic-
Ing with full drawbar system. Polyphonic
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Step by step. Choose from at least 10
models. (Alse factory assembled.)

Demo-Package (LP with 104-page color
cataloq),

-----l‘_------------------1
Warsl Electiames Irg Wers) Organs & Kits |
Fagpt. 21 ept 27 i
P Hampstead Hoad 14104 E Firastone Olvd ]
Larcasier PA ) FED) Sanita Fe Snnngs TA 0RTN )

o i

Enciosed is 5600 'or my Demo-Package (LF with
104-page color calalog,) i
]

MHame — :
Address._ = i
= ]

City A — i 1
|

Stop Sounds” (total organ presets).
: Transposer. And lots more.

Build your own masterpiece of
sound Mo technical knowledge re-
quired. Just follow the clearly illus-
trated. easy to understand instructions.

Send 56 00 with coupon for your Wersi

OUWERSI
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CIRCLE 37 ON FREE INFORMATION CARD

THE MEAN
LITTLE KIT

MNew compact 24-piece kit of electronic
tocls far engineers, scientists, technicians,
students, executives. Includes 7 sizes
screwdrivers, adjustable wrench, 2 pair
pliers, wire striipper, knife, aligniment wol,
stanless rule, hex-key sel, scissors, 2 flexl-
ble files, burnisher, miniature soldering
Iron, solder aid, ceoil ol solder and de-
soldering braid. Highest quality padded
Zipper case, b x 9 x 134 inside. Sansfaction
quaranteed. Send check, company pur-
chase order or charge Visa/BankAmeri-
card or Mastercharge. We pay the shipping
charges.

JTK-6Tool Kit __ . .. .. .. ... S7TR.0N
T T "
egdin= - FREE CATALOG
e, = 7 128 pages of hard 2o Jind
:.F: PEE v preclsion took Alo con
I"'.,__ E-‘- el 3 poages of useful
|t oo = “Taol Tipe o ad in lool
| o R - il o
I !.:‘EEM sclechon. =¢mnd o0 vou
e B !r-'r Loy I-::-'_t._ﬁl."
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JENSEN TOOLS INC.

1230 S.PRIEST DR.- TEMPRE, AZ 8528

CIRCLE 27 ON FREE INFORMATION CARD

Want to cut out
a career as a
two-way radio
technician?

MT! etters the only training for
professional FM twe-way radio
avallable. Qualified technicians
are employed in government, in-
dustry, and public service. But
training 1s your kKey.

You could cut out a career as
a twc-way radio technician by
cutting out this coupon. We'll
send you informatian on how you
can learn more about this spe-
cialized field, at home,

MName
Address
City
State/Zip

(M7

1 Mobile Training
: Institute .

Box 735, Camp HIll, PA T707T1-U.S.A. i

CIRCLE 59 ON FREE INFORMATION CARD

B3iK

UNICORN 1
cantinuwed from page 95

FIG. 25—MOTORCYCLE
power robot. See text for important mounting
precautions,

BATTERY used to

uscd to hold the battery in place and to
support its weight, since the plates that
cover Lhe mobility base are probahly not
strong encugh to do this by themselves.

Certain precautions must be observed
when using this type of battery! Asshown
m the photograph; the battery is unen-
closed, which means that there exists the
possibility of sulphuric acid, the battery's
slectrolyte, spilling on the aluminum or
stee! of the maobility base. You do not
want this to happen! The battery should
be (and is, in later versions of the rohot)
enclosed in an acid-proof plastic contain-
er to contain any possible leaks or drips.
This container should also have a small
vent, or vents, at the top to permit the
hydrogen gas which is generated when
the battery is charging. to escape. These
vents should be led to the cutside of the
mobility base, to allow the gas 1o escape
directly to the air.

There is another type of battery which
might bc considered for powering the
robot. That uses a gelled-electrolyte and
s, 1n theory, less hazardous. New batter-
ies of this type are morc cxpensive than
lead-acid batteries, but several advertisers
at the back of Radio-Electronics have sur-
plus gelled-electrolyte available, and they
may suil your purpese.

Whatever power source you use, take
precautions £o that it cannot harm, direct-
ly or indirectly, the innards of the robot.

l.cads are run from the battery to a
}2-position barrier strip (see Fig. 26)
which is also mounted inside the mobility
base. Power for the robot’s various mo-
tors and control circuitry is ohtained hy
running jumpers from the +12 VDC and
ground terminals to those connected to
the points to be powered. Note the use of
color-coding in order to make circuit
lracing easier,

Several terminals have been allocated
for functions that have not yet been dis-
cussed. Don't worry—we'll get 1o them.

In the next installment of this series,
plans for the robot’s body will be given,
along with an option or two previously
hinted at. R-E
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Assembling the Body

b

Part 4—Here’s the first of two installments dealing with
how to construct a body for the robot. This part
describes the body frame and rotation mechanism.

S0 FAR. WE'VE DISCUSSED THE DESIGN
and construction of the Unicorn-1 robot’s
manipulators (arms). end elfectors
(hands) and mobility base (legs). We are
now past the most difficull aspects of its
consiruction. This part of the series will
deal with the body. and that is where the
robot will begin to look like a robol.

Body frame

As shown in Fig. 27, Unicorn-1's body
dimensions allow plenty of interior space
for whatever hardwarc—up to, and in-
cluding, a computer—you desire 1o add.
The prototype body is 19 inches in diame-
ter and about 20 inches in height. Tha!
has been more than adequate for :he
author's needs, but does not restrict you
from vsing other designs: after all, one of
the aims of this project is 1o allow you to
use your own ingenuity. The skin of the
robot will be made of Formica (which
comes 1n standard widths of 30 inches) so
you will easily be able to make a body 30
inches in height, if it suits you, That is an
increase of 50% in height over the origi-
nal specs.

And, of cours¢, you don’t have 1o be
restricted Lo the K202 format. You can
use just about any shape you desire.

[f you haven't already done so, take an
evening or 1wo to decide what your robot
will finally look like. That will not require
any significant changes in the frame of
the body, the principles of which we'll
discuss herc. but may affect you in the
long run.

In any evenl, your robot’s body will

JAMES A. GUPTON, JR.

need a supporting structure, and a mecha-
nism to turn it from side to side. That's
what this section is ahont

Whether the ultimate form of the body
18 cylindrical or otherwise, a rzinforcing
structure will be needed. What's shown
here is for a cylindrical body, although it
can casily bec adapted to other shapes.
[Figurc 28 illustrates the top and bottom
bulkheads, along with the locations of the
cight supporting columns. The bulkheads
are made from */-inch particle board, cut
to dimension with a saber saw. If you
have no saber saw, inscribe the circumfer-
cnce of the bulkheads on the board, and
drill a closely-spaced series of 'Ye-inch
heles along its cuweside as shown in Fig.
29, After those holes are drilled, the picce
can be knocked out with a chisel. Which-
ever way vou proceed, allow a bit extra
for wastage—1that part of the material
that gets turned into sawdust or is
chipped away in the process.

When the bulkheads have been rough-
cut, thcy can be dressed to their final
dimensions with a wood rasp. Who says
that robots are made entirely of metal!

If you make the effort, you will proba-
bly be able to ind pieces of particle board
at your local lumberyard as scrap at a
very reasonable price. Should you have 1o
purchase brand-new material, you may be
able to get a “special cut,” 1f vou tell the
person in charge exactly what you need.

The dimensions for the interiar hulk-
heads for I/nicorn-1 were given in Fig.
28. The top bulkhead is nothing more
than a ning-shaped section of particle

board. while the bottom bulkhead has a
three-legged shape. to support the body
during rotation. The larger bulkhead
opening in that bottom part permits max-
imum freedom for the cables running
between the body and the mobility base.

After the two bulkheads have boen cut
to their final shape, the locations of the
bulkhead support-columns should be
marked (refer again 10 Figs. 27 and 28).
First, draw a pencilled line completely
around the bulkheads” crcumference.
That should be done .040-inch from the
perimeter. The holes drilled along that
line will be used to attach the columns 1o
the bulkkead. Fipurc 28 identifics the
specific holes that will be required

Some of those holes, as has bBeen indi-
cated, will have 1o be countersunk (Fig.
30). That allows the screw heads to sit
flush with the outside surface, and elinm-
nates awkward bumps or bulges when the
skin is fitted.

The cight wooden bulkhcad-support
columns arc atlached to the bulkhead
with wood gluc or epoxy, wood screws,
and aluminum angle-braces. We don't
take any chances.

After drilling the bulkheads for the
support columns, drill “lead holes”™, 10p
and boitom, 1o start the wood screws.
That will help prevent splitting the cal-
umns. The lcad holes should be about
onc-third the diameter of the wood
screws themselves, Then, drill through
those holes for attachment of the alumi-
num braces shown in Fig. 27, Lubricate
the screws with soap 1o permit them to

0861 438W3N0N
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MOTOR | !
ATTACHMENT (16 REQUIRED)
BAR /}
@

i 19.250°
USE NO.29 DRIL. |

10.136) TAP §-32 BENEATH THIS RUGGED EXTERIOR lies a

FRONT REAR frame of wood. Next installment will describe
skin.
a ==
RUIl KHEAD SUPPORT
COLUMNS J
1,00 X 078 X 19.250
¥ 8 REQUIRED}
\
l GEAR FOR
\ BODY ROTATION
\ G - e
\! \ ! ¢
'l"IT_l . " . e 4
el
SHOULDER MOTOR ATTACHMENT BAR ot A L e
sw{MEBDELEitE:EHINE SCREW (0.25 ALUMINUM PLATE) COMPLEX GEAR TRAIN used o slow 10,0{0-
USE NO. 19 DR LL (0.166) _+_ -:—1 3Gt 250 :-+-(—I_35|-|1- 4 RPM motor to 11-RPM for body rotation.
£ FF%UH”ETEEE%‘SDEF‘&E'EﬁUHLETEEADE 250 T!E 1 —E—E"‘i‘—f— E 4. Gear-shaft bore diameters: .125-
inch to .750-inch (.250-inch pre-
NO. 8 — FLAT-HEAD W0OD SCREW T A DIA.-0.166 y B-TAPB32 forrad)

RPM {10 to 12 RPM prefarrad).
Just as in the design of the mobility

USE NO. 29 DRILL FOR PILOT HOLE, ; .
NO. 19 DRILL AND COUNTERS NK A]-MMTMMH— 350 35n~>1-|-— 5. Body rotation speed: 4 to 22
5.20

mgm'ﬂ?ﬂrmmﬁt ALL DIMENSIONS IN INCHES base, there is a choice of methaods to drive

the body. An inexpensive, high-speed mo-

FIG. 27—ROBOT BODY supporting structure is of wooden construction. Note pivot-post mounting tor may 2e used if its speed is reduced
flange and ball-bearing wheels beneath the bottom bulkhead. through a serics of gears. A specd-reduc-

tion of about 1C00:1 1s required with this
melhod to obtain a rotational speed of 11
RPM. That, 1t should be obvious, re-
quires several gears,
The amount of speed reduction 1s a fac-
penetrate more easily, and to prevent many of the components for this section, tor of the number of teeth on each gear. Il

splitting. we’ll present a list of allowable paramet one gear has 16 teeth and anotaer has 48,
_ ers, along with the dimensions we've the gears have a ratio of 1:3 and driving

Body rotation found to be most satisfactory. the second gear with the first will reduce
Unicorn-I's body turns on ball-bearing 1. Ball-bearing wheels: .375-inch to the speed by that factor (the second gear
wheels that ride on the steel plate forming 1.125-inches diameter. For will only make one revolution for each
the top of the mobility base. The size of whaels larger than .5-inch, turn three made by the first). A train of such

the mounting plate upside down

those wheels is not particularly signifi- (bearihg mounting-flange- facing

cant, as long as the body maintains its

gears would eventually reduce the small
motor's 10,000 RPM to a useable rate,

ElEﬂI‘ﬂI:lC_E from t_he base. The uqits used in 2 l#:,{;m_p“l mounting flange: but, as Fiz. 32 shows, could turn out to be

the original Unicorn-1 had a diameter of 062-inch to 1-inch thick. Mount somewhat complex.,

.875-inches, giving the bulkhead a clear- any flange thicker than .125-inch Also, the speed of rotation will be

ance of .125-inch from the mobility base. inside the top of the mobility affected by the weight of the load (the

One of these 1s shown in T'ig. 31. base. robot’s body, in this casc)—the motor
As we have done previously, we strass 3. Pivot-post diameter: .250-inch to speed could be slowed by 10 to 20 percent

the fact that nothirg about this robot is ;;Q:?regfsﬂ'mch to .575-inch by that factor.

critical, Since you may be “*scrounging™ As in the case of using gears to drive



19.00

SHOULDER-MOTOR NOUNT
ATTACHED TO BOTTOM SIDE
OF TOP BULKHEAD

VA

3

2.50
FOBOT BODY BULKHEAD DETAIL

NOTE: BULKHEADS CUT FROM
5/8" (0.625) PARTICLE BOARD

FIG.28~TOP AND BOTTOM BULKHEADS are cut from parlicle board. Boltom bulkhead is slurdier 1o

beat body weight, Bearing mounling brackels are made from "/-inch aluminum.

more problems, perhaps, than it solves.

A much simpler method uses the same
type of low-speed gear motor thal was
used to drive the mobility base. As shown
in Fig. 33, this motor can be mounted
dircctly on the bottom bulkhead and its
shaft connected directly 1o the pivol post
and/or the pivot-post mounting flange,
located on the mobihity base.

Mounting of this type of motor is fairly
straightforward and presents the least
number of complications. A 22-RPM
pearmotor may be used, or, il you can
locate 1L, a slightly slower-speed one
(azbout 10 or 12 RPM) may prove to be
preferable.

By o

FIG. 30— COUNTERSINKING haolos in the bulk- FIG, 31—BALL-BEARING WHEELS mounled on
head prevents screwheads from protruding. botiom bulkhead supporl body as il rolales

e
%
&

- -

the mobility base, this method presents

ROBOTBODY ROTATIDN
BEARING (WHEEL) ASSEMBLY
AND MOUNTING POSITIONS
ON LOWER BULKHEAD

FIG. 32—COMPARE complexity ol this spsed-
reduction train with drive shown below.

FIG. 33—22-RPM gear motor provides simplest
and moal dirsct maans of rotating bady.

Motor conpection will be made 10 a
small terminal strip mounted in the
body.

Shoulder motors

When the manipulators and end effec-
tors were described. the robol was given

& 0861 HIBWIAON
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PARTS LIST

Quan- | Supplier's | Quan- | Supplier’s
Item Size tity part no, Supplier Item Size tity part no. Supplier
Particle board 19 < 19in. mini- | 2 ‘ Local gears (for use teeth, Ve-in 023 |
mum with high-speed | face, "4in, bore
Wood strips L2521 X 1925 | 8 L ocal mear)
in. 48 pitch, 120 3 | C48A18- (W), (B)
Aluminum plate | 25 % 75 % 52 | 2 AP52 | (A o SR 7eoRY) Ak
- | fage, '4-in. bore
in. lgcal
- |
Aluminum angle | 0625 * 1 X 1 X 16 Local Pivat post a8 k. songt . secal
25 in to suit design
(make from Pivot-post See laxi 1 ~ocal
0625 X 1-in, mounting flange| | |
;'E;.l::':‘lgi?, 131n | | Body motor J-amp. spit 1 61.085 | (©
g y (high-speed) phase, 12 volis
Aluminum sheet | .125 < 1,25 X 3 4 AE3 (Al or | DC
in. local 5 .
¥ 4 - 1 "_"-.l
Ei{;:;“"g -B;Ejj”i-n"':;g?:ﬂil | B0 A8 Body motor (22- | 22-APM gearmo-, 1 [715-800153 (&), (D)
e RPM gearmo- tor, 12 volts DC |
ameler A
or)
£ AR Shoulder motor | 22-RPM gearmo-| 2 715-900153| (A), (D)
625 in. diameter, 4 B11-9 (A)(B) tor, 12 valls DG
25 in, shaft di- |
ameter SUPPLIERS
Wheel mounting | To 't wheel cen- 4 Local (A) The Robot Mart
screws (known ters Room 1113
as 'shoulder ‘9 W, 34th S
screws'’) New York, NY 10001
Shoulder motor | 8-3z 4 Local Catalog $3.00)
meunting =
SCrews (B) Winfred M. Berg, Inc.
4499 Ocean Avenue
Gearmaotor 8-32. length as 4 Local E. Rockaway, NY 11518
mounting neaded
Screws (C) Edmund Scientific Ca.
Machine screws |8-32 X 1, Fillis- | 44 " Local 101 East Gloucester Pike
ter-head | Eﬂl’ﬂﬂgtﬂﬂ, NS QBOOT
Wood screws = § flal-head = T! 20 Lacal q@ Gledhill Electronics
0: | P.C. Box 1644
Precision spur 48 pitch, 23 3 | C48A18- | (A(B) Marysville, CA 95901

FIG. 34—SHOULDER MOTOR mounfing plate is
visible at very top of photagraph. Sea Fig. 27 for
body location.

the ability to bend his arms at the elbow
and to open and close his hands. It would
be useful to add another degree of free-
dom, which would allow the arms to be
raised and lowered. That is easily accom-
plished with the same 22-RPM gearmo-
tors we've already used,

A five-ohm, 20-watt resistor can be
used to drop the motor’s supply-voltage,
thus slowing it down to a more suitable
speed. (The same can be done for the
body motor, )

The last cross-bar rod (at the shoulder
hinge) on the manipulators has already
been drilled to accept a shaft of the type
found on these motors (refer back to Part
|, August 1980 issue). A simple bracket,
shown in Fig. 27, allows the motor to be
attached to the body. An actual installa-
tion of that sort 1s pictured in Fg. 34. Be
sure that the mount is positioned so the
surface of the gearmotor will be flush
with the surface of the top bulkhead
since, when Lhe robot's skin is attached, a
cutout will have to be made for the shoul-
der gearmotors, and their faces should be

fMush with the skin's surface.
Again, the shoulder-motor wiring will
be connected to a local terminal strip.
Alternatively, the manipulators may be
affixed to .250-inch rods that are attached

to the body frame, without motors, The
motors can always be added later.

Bear in mind that, although thc skin
will be removable, as much interior work
as possible should be completed before it
1s attached. Some of the things that
remain to be added are:

1. “Local' terminal strips for motor

wiring and connections from
them to the master terminal strip

in the mobility base.

2. Speaker and LED installation.

3. Installation of supports and
brackets for radio control and/or
computer equipment,

In the next section of this series, we'll
complete the work described above and
attach the skin, In addition, we’ll describe
the construction of the control box that
will allow you to operate the robot by
means of a cable running to the mobility

base. R-E
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Part 5—/t’s time to get the show on the road! In

this part we'll finish the body, give the robot a

voice, and provide the means to command it.

JAMES A. GUPTON, JR.

LAST MONTH, THE FOURTH PART OF THIS SERIES DESCRIBED THE CONSITRUCTION
ol the body frame and covered the areas of adding body rotation and arm-
movement capabilities. In this part we'll complete the body wiring, add some
stmple electronies, cover the frame with a decorative skin, and build a remote-
control box.

Beore getting started, a point about the shoulder motors, discussed in Part
4. must be made. The gear motars recommended usually have their drive-
shaflts offset slightly from the center. That means that if both the left and
the right motors were to be installed right-side-up. ore arm would be
larther forward Lhan the other.

To avoid that embarrassment. mount one of the motors upside down.
Figure 35 illustrates the use ol terminal sirips for motor connections
and limit-switch wiring. Those “local” terminal strips simplify connec-
t1ons between the components and the 32-position “master” terminal
strip located in the mability base. Circuit tracing is further simplified by
the use of scparate cables for the right and lef sides of the robot’s body.
Color coding is used extensively to make things even easier to follow. But
even if you use the wiring diagrams provided witl this series it would be
a good idea for you to make vour own diagrams. showing the color
codes and terminal identilication system you use. That will ix in

your mind exactly how your robot is set up.

A “left™ terminal strip and o “right” one should be attached to
the same support columns used to mount the shoulder motors. If
shoulder motors are stll in the future for vour robot, the
strips ean be mounted on the columns nearest the points
where the arms are attached (o the body,

Voice of the robot

Two inexpensive options vou ¢an add Lo vour
robot are an amplifier and speaker, and a horn.
I'he speaker is located at the front of the
robot, between two support columns (that
s shown in Fig, 27 of Part 4). Two
crosspieces shoud be added to give
the speaker further suppori. Fig-
ure 36 shows a 6 X 9-inch speaker, |
tagether with a 12-valt horn, in
place. Take care to “contour™ the
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FIG. 35—LOCAL TERMINAL STRIPS make con-
nections to motors and swilches simpler.

i l i e
FIG. 36—SPEAKER AND HORN will later be cov-
ered by grille mounted over hole in skin.

crosspieces to conform to the bulkhead
shapes, in order to prevent the skin from
bulging at this location.

The amplifier for the speaker can be
new, or scrounged (from a discarded
8-track tape player, for example), or built
from scratch using one or two 1C's. If you
decide to build your own, refer to back
1ssues of Radio-Electronics for ideas. For
example, see “uA783 Audio Amplifier,”
November 1980 issue,

The voice of the robot may be prere-
corded on cassette and played back
through an nexpensive recorder, using
the amplifier and speaker connected to
the recorder’s carphone jack. The cassette
recorder’s motor can be controlled from
the command console through a connec-
tion to the recorder’s MOTOR jack by
means of a subminiature phone plug.

It would be 2 good idea 10 use minia-
ture phone jacks at the amplifier so that
the speaker and audio connections can be
casily disconnected if repairs are needed,
and to simplily the changcover from cas-
sctte recorder to wireless microphone lat-
er on.

The skin

So far, the robot has taken shape pretty
well, but has sull looked somewhat . . .
naked, Now that the terminal strips and
audio options have been installed, we can
remedy that,

The fabrication of the skin is a bit
tricky, so take your time, have patience,
and double-check each step belore going
on to the next. Your efforts will be
rewarded in the end.

The skin will be made out of Formica,
which is available in 30-inch widths at
most lumber or construction-supply
houses. For the size robot we've been de-
scribing. vou'll necd 65 inches of .030-
inch thick material. Figure 37 shows the
lnal skin dimensions.

The first, and most difficult, part of
this operation involves cutting the holes
for the shoulder motors so that every-
thing will line up perfectly. You'd better
get someone 1o help vou.

To start, use a metal tape measure (the
fabric ones used in making clothes are not
accurale cnough) to determine the dis-
tance along the circumlerence of the top
bulkhead from the front edge of one
shoulder-motor housing to the front edge
of the other. Mark the top bulkhead at
the midway point.

The tape measure has to be held firmly
against the bulkhead all the way, and
must not sag. Also, to avoid any error that

might be induced by the presence of the
end-clip (1t will prevent you from keeping
the end of the tape measure in contacl
with the bulkhead), start measuring three
or four inches from the end of the ape.

Remember, later, that vou did this! If
you started three inches from the end of
the tape. and vour reading was 22 inches,
the acrual distance was 19 inches!

Now, unroll the sheet of skin material
with its shick side (that will become the
outside of the skin) up. Using one-inch-
wide masking tape, secure it 1o a flat sur-
face and measure 1t from end to ¢nd, the
long way, to determine its center. Do that
near both the “top™ and the “bottom" of
the sheet and then draw a center line
through both points, using a china-mark-
g pencil.

On cither side of the center line, mark
the positions of the shoulder-motor front
edges. Do that by first dividing the dis-
tance measured earlier along the top
bulkhead by two, and then making a
mark, on either side of the center line, at
this distance from it,

Then measure the horizontal and verti-
cal dimensions of the shoulder-motor
faceplates, and note their distance from
the top of the top bulkhead. Mark those
points on the skin material, using the
front-edge markings as a starting point.
You should wind up with a rectangle
approximately the size of the motor-
mounting plates and starting about /-
inch from the top of the material, if you
arc building a robot the same size as the
prototype.

Before vou start on the shoulder motor
openings, double-check all your measure-
ments! Remember, vou're a surgeon,
now. With an old magazine or pile of
newspapers under the work area, you can
begin. You can use either a single-edged
razor blade (dangerous), a sharp pocket
knife (also dangerous), or an X-acro knife
[less dangerous). Work gloves wouldn't
be a bad idea.

Very carcfully, cut along the inside of
the inscribed arca, using several light
strokes rather than one heavy one. The
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FIG. 37—FORMICA SKIN measures 20.5 x 60 inches. Text gives information on skin embellishments.
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Supplier's Supplier's

Item Size Quantity | part no. | Supplier Item Size Eulnlilr part no. Supplier

Formica 30 X 60 In., 1 Local Terminal strip | B8-position 3 264-670 | (1)
.030-in. thick

Switches:

Plastic dome | 18-in. 1 85,216 © S1, 57 SPST 2 275-324 | (D
diameter §2, 85, 89 N.O. 3 275-1547 | (1)
or momentary

12-in. 1 85,108 © pushbutton
diameter S3, 54, S6, S8, | DPDT, center- 7 275-1545 | (1)

Grommets to fit Ye-in. 4 Local Al oy
hole Miscellaneous: amplifier and cassetle recorder, decorative trim,

adhesive, hardware for speaker and horn mounting, etc.

Self-tapping Ya=inch 5 (see text) Local

screws

8 ‘ Aws I SUPPLIERS:

ahiied v e (Lt 5 = (©) Edmund Scientific Co.
Speaker 6 X 9 inches 1 40-1268 | (D 101 East Gloucester Pike
Barrington, NJ 08007
Buzzer 12 VDC 1 273-051 | (D &
Radio Shack

Cable 8-conductor 100 f1.

o BLAsa @ (consult local phone book)
i (J) Electronics supply house

15-conductor 50 f1, (consult local phone book)
color-coded

Control box TX1X2 @),
inches
(approx.)

first cut should do no more than leave a

slight mark on the surface; if you apply i P |

too greal a pressure on the material, you Sl e 5 T ' T

can fracture it. That 1s critical along the

top edge of the motor opening, since it ' BODY 175

can weaken the skin in this arca, and CASSETTE HORN LIGHTS ROTATE l

could cause it to split later on. O . o O 3.50

If you do make an error, though— ' |

either in location or in “‘surgery’ —you 5.25

get one more chance. The material is wide 200 A 3 A = !

f:ngugl:n for you 1o rrutalr: it irSﬂ :Elf:glreca EFT  LERT LEBT & HEHT =833 HEHT

and start agan. That, however, 1s your SHOULDER ELBOW HAND HAND ELBOW SHOULDER

last chance! (Actually, you get one

more—you can bury your mistakes under : \

a “gasket” made of '/:-inch strips of skin LEFT HIEDHT

material cemented around the openings WHEEL WHEEL

like a picture frame.)

After both openings have been cul, v |o ALL HOLES.250 DIA. O

press the skin against the body to verify —1 50~

their positioning—but don’t expect an - 31.00 - ALL DIMENSIONS IN INCHES

exact fit at this point. You will almost - 4.50 -

certainly have to file the openings Lo size.
Gently use a fine warding file to enlarge

4
= UNION COUNTY CAREER CENTER

T - ROBOT -
-] = ® CONTROLLER =

FIG. 33— COMMAND CONSOLE provides the
means for controlling remotely via cable.

FIG. 39—DRILLING TEMPLATE shows suggested swilch placemenl. Dimensions and layoul may be

revised o meet specific requirements.

the holes. Always file from the outside in,
using single strokes. Never apply pressure
on the return stroke, since that will cause
the surface of the skin material to chip.
When the motor-mount openings have
been trued and fitted, the next step is to
measure the distance from the top of the
top bulkhead to the bottom of the bottom
one. Transfer that dimension to the skin
material (in at least two places) and draw
a line along the entire length of the skin
to indicate its bottom. Cut along the out-
side of that line using a pair of heavy
scissors. You should now have a piece of
material that will completely enclose the

robot’s body—and then some. Save the
part you cut off—it can be turned into
surface embossments later.

Place the skin inlo position over the
robot’s body, using the shoulder-motor
openings as locating points. Wrap the
skin around the body so i1t overlaps.
Locate the nearest support-column posi-
tion and mark the skin on both sides of it
to give at least '/=-inch of overlap at that
point. Be sure to mark both the top and
bottom of the skin. You can use the scis-
sors to cut the skin to size.

One more opening has to be cut—the
one for the speaker. Remove the skin

0861 H38W32304
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from the robot and again tape it down in
your work area. Determine where the
speaker opening will be (use the same
techniques described above) and mark a
rectangle over the center line that 1s /-
inch smaller on each side than the size of
the speaker cone. The surgical technique
for cutting this hole 15 the same as
before,

Embellishments

There are several ssmple things that
can be done to give the robot a more
sophisticated appearance. The easiest is to
cover the speaker opening with a piece of
porous foamed-plastic or metal speaker-
grille material. That, of course, should be
mounted from the insice of the skin

Self-adhesive, metallized sheet plastic
can be used to give the efTect of chrome.

The skin may be embossed using rem-
nants of the skin mater:al, cut to size and
attached with contact cement. plastic
glue or epoxy. The smooth surface of the
skin material is reluctant to accept certain
cements and should be roughened with
coarse sandpaper prior to receiving the
add-on’s. Use weights on the emboss-
ments until the glue sets. You can get
some ideas for embossments from those
shown in Fig. 37, but let your imagination
rein [ree!

In cutting out the embossments, you
should observe the natural curve of the
material. The shapes vou cut for hori-
zontal embossments should be cut so
their grain runs the same way as that of
the skin. Those for vertical shapes should
be cut against the natural curl.

An ordinary hole-punch can be used to
simulate rivets or—Dbetter yet—screw
heads can be severed from their stems
and glued to the skin. Try using silicone
sealing compound, which will give adhe-
sion along with a bit of Aexibility.

Once the cement has set, the skin can
be permanently affixed 10 the body. Aflter
seating the motor facings in their open-
ings, wrap the skin around the body to the
“lap” position you determined earlier.
Start at the center line and drill a small
hole to, and through, the top bulkhead to
acl as the lead hole for a sheet-metal self-
lapping screw,

That type of screw is preferred because
it holds better in particle board (the bulk-
head material) than regular wood
SCTEWS.

If your alignment is good, yvou'll need
only five screws to secure the skin—one
gach at the top and bottom of the front
center-line, and one each at the top, mid-
dle and bottom of the rear overlap area.
Use more if it makes you leel better.

Finishing

Before vou paint the body, clean it up.
Excess cement that may have seeped
from under the embossments can be
removed using a sharp blade. If there is so
much seepage that it resists cutting,
remove it with a file and, toward the end,

B _ CASSETTE LIGHTS BODY ROTATE
H_;D | Hnnm ; 5?” o Y/ A
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FIG. 40—COMTROL CONSOLE wiring diagram, as viewed from fop of swilch panel. Switches are
shown in black; wiring and connections to terminals in color.

with No. 000 emery cloth.

Before applying the paint, cover any
metallized areas with masking tape,
trimmed to size. Also, be sure to cover
the speaker opening. You don't have to
cover the motor-mounting plate or the
motor shaft unless the shalt already fits
very tightly into the manipulator’s open-
ing. Il that is the case, tape only the
shaft.

Also, cover any areas—such as the
mobility base—that you may not want to
paint, or may want to paint a different
color. (If necessary, a little paint remover,
gingerly applied, will completely erase
your mistakes.)

Flat white (although the choice is up 1o
vou) spray enamel produces a good finish,
and three light coats will do a better job
than one heavy one. Hold the spray can
about a foot from the surface, using
strokes that begin at the top of the body
and go to the bottom, Work vour way
around the body, and then rest and let the
paint dry. Do that three times.

If, for some reason, the paint drips, let
it dry completely and then file and sand it
down. Repaint that area very lightly.
(Such repainting doesn't count as one of
the three coats.)

Any embossments you want to be of a
color different from that of the skin
should be pzinted before the skin is done.
After the skin has been painted, the
appropriate areas should be roughened
and the embossments cemented to them.
Take care—itouching up can be very
touchy!

Finallly, before attaching the robot’s
manipulators to the shoulder motors, drill
or punch (using a chassis punch) two /-

inch diameter holes, about one inch apart,
in the skin on either side of the gear-
motor axle, and about two inches below
it. Place rubber grommets into those
holes to protect the motor and limit-
switch wires that you will now pass
through them-—to be connected to the
“local™ terminal strips—from abrasion.
Allow enough slack in those wires to per-
mit the manipulators to move from a
straight-up position to one about 45 de-
grees beyond the straight-down cne (so
they extend slightly behind the robot).

Control console

This is the moment we've been waiting
for—the means to give the robot its first
instructions. The control console, shown

— -
FIG. 41—ROBOT'S DOME can be made from
salad-spinner or from lerrarium cover.



in Figs. 38 and 39, is connected by an
umbilical cable to the mobility base. The
box may be any convenient size—the
author used one measuring 7 X 11 X 2
inches. The switch holes are '/e-inch in
diameter and should be drilled before the
control console is finished. Refer 1o Fig.
40 for a top view of the console, showing
the wiring connections. Note the use of
color-coding. A total of 12 switches is
required (see parts list). Press-on letter-
ing can be used to designate the switch
functions, and a coat of clear acrylic spray
applied to protect the labels from wear
and tear,

The umbilical cable may be made up of
four 8-wire cables, or two | 5-wire ones. It

will run to the 32-position mobility base
terminal strip (Part 3, Fig. 26), from
which signals will be routed to the appro-
priate switches and motors. While DC
power can be supplied to the robot via the
umbilical cable, heavy cable would be
needed; it is better to rely on the battery
in the mobility base (see Part 3).

It should be noted that the 12-volt neg-
ative (—) line is common to all switches,
including those wired to operate at re-
duced voltage (with 5-ohm dropping re-
s1stors).

The reader should also refer to Part 2
of this series, which discusses the wiring
of the limit switches—and give particular
attention to Fig. 18.

Finally, the robot's crowning glory,
shown being added in Fig. 41, is a clear
plastic dome—that can be made from
part of a “salad-spinner™ or is available
from the source indicated in the parts
lists,

This completes the basic design details
of Unicorn-1 . . . but there's mare to
come. The next installment will cover
such topics as:

1. LED's for motor-direction indica-
tion.

2. A rotatable end effector for the
robot's arm and a new extendible
arm.

And those two items are only the
beginning . . . R-E
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YOU SHOULD HAVE YOUR OWN VERSION OF
Unicorn-1 in action by now, and have
probably been using this time to practice
controlling the robot.

In this section, we'll not only describe
some simple electronic circuits that will
give the robot a more impressive appear-
ance but will provide vou, as well, with
one of the options promised earlier—a
rotatable end-effector.

The next installments of this series will
provide circuits that can be used either
for radio control (R /C) and/or for com-
puter control—the computer being either
part of the robot or external to it and
transmitting commands via a radio link,

Before we get involved, though, we'd
like to correct an error that crept into
Part 2 of this series (September 1980)
and that was brought to our attention by
several readers: The red and green wires
between switch S1 and the barrier strip
were transposed in Fig. 18, The red wire
should go to ground at the bottom-right
of the switch, and the green one to + 1 2-
volts at the top right.

It's good 1o see so many readers taking
such an interest in the project!

Electronic embellishments

Flashing lights always attract attention
and—you can admit it—that's what
you'd like your version of Unicorn-1 to
do. We'll consider two different LED-
indicator circuits: one to show that the
arms are in motion, and in what direction
they're moving: the other (just) to attract
attention by announcing that Unicorn-1
is “alive.”

The first circuit, which shows that the
shoulder-motors have been activated, is
presented in Fig. 42. You'll remember

—
.
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FIG. 42—MOTOR-DIRECTION INDICATOR uses
twelve volts. Diodes and resislor reduce voll-
age and current to safe levels for LED's.

unicopn-1
ROBOT

Part 6— Add some pizzaz to your robot with two different
sets of flashing lights. For the more serious-minded, there's
also a twist-of-the-wrist end effector.

JAMES A. GUPTON, JR.
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PARTS LIST—MOTOR-DIRECTION

INDICATOR
R1—470 ohms, s watt
D1-D4— 1N4001

LED1, LED2—jumbo LED's (different col-

[ N
v e

ba————1-3/8 INCHES

FIG 43—WHEN YOU MAKE THIS BOARD, be sure
that pads do nol touch rectangular border.

A\

> 5

3 [}

FIG. 45—0NE SMALL PIECE of board holds two complete motor-direction indicators. Current-
limiting resistor is visible at top-left of board, above LED.

FIG. 44—PC BOARD for motor-direction indica-
tor was designed for rectangular LED's. Circu-
lar ones will need their leads bent a bit.

that the direction of motor rotation 1s
changed by reversing the polarity of the
current used to power the motor. That
circuit detects which way the current 1s
flowing and indicales it via LED’s.

Looking at the schematic for the cir-
cuil, it can be seen that—if we assume the
right-hand terminal to be positive and the
other one negative—a stream of electrons
will low through diode D2, LEDI, and
through D3, causing LED1 to light. (Re-
member, though, that the current flow 1s
from the positive pole Lo the negative.)
Also bear in mind, as you consider the
schematic, that, ina LED—or in any oth-
er diode, for that matter—current flows
from the cathode to the anode.

Current-limiting resistor R is used to
prevent burning out the LED’s. A value
of 470 ohms will be about right to provide
the LED with the 20 mA it needs, based
on a 12-volt system.

If a command is given to reverse the
current flow- where what was previously
positive becomes negative—current will
then flow through diodes D4, LED2, and
DI. Use different colored LED’s for
[LED1 and LED2 so you can tell at a
glance which way the motor, and its asso-
ciated mechanism, 18 moving.

A foil pattern for the circuit is shown
in Fig. 43, and the parts-placement dia-
gram in Fig. 44. Two of those can be built
on one board to take care of both arms

(see Fig. 45). The LED’s used on the  pig. 46—SEQUENTIAL-FLASHER CIRCUIT uses 74LS193 up/down counter to drive 4-1o-16-line
board shown in the foil pattern were rect- decoder.




PARTS LIST—LED FLASHER
All resistors "/ watt, 5%
R1—100,000 ohms, trimmer potentiome-
oy
R2— 1000 ohms
R3—220 ohms

Capacitors

C1—2.2 uF, 18 WVDC, electrolytic

Semiconductors

IC1—555 timer

IC2—7400 quad NAND gate

IC3—74L5193 up/down counter

IC4—74154 4-10-16 line decoder

LED1-LED16—jumbo red LED

Miscellaneous: 7805 valmge regulator with
heat sink

angular, which explains the wide spacing
of the pads, Round LED’s would proba-
bly be better, since it is easier to drill
round holes in the skin for displays than it
is to drill rectangular ones.

One of the best attention getters is an
array of flashing lights. One such LED
circuit appears in Radio Shack’s ARCH-
ER Engineer’s Notebook, and 1s the one
described here. A display that creates a
more random pattern was described in
Radio-Electronics Hobby Corner de-
partment in the December 1980 issue.

The sequential-flasher circuit in the
original Unicorn-1 uses four IC’s and hive
external components Lo operate |6
LED’s. Its schematic i1s shown in Fig. 46.
Resistors R]1 and R2, working together
with capacitor C1, determine the rate at
which the 555 timer 1C will cause the
LED’s to light, and R3 1s the current-
limiting resistor for the LED’s,

The LED’s are arranged in five col-
umns of three each (see Fig. 47) with the
sixteenth LED at the bottom of the mid-
dle column. In operation, they will light
starting from the bottom-right, going up
the column, then jump to the bottom of
the next column, etc. When the last LED
has lit, the process will reverse ilself,
working from left to right and finishing
up at LEDI.

Although a foil pattern and parts place-
ment diagram (Figs. 48 and 49) are pro-
vided, the circuit, and the motor-direc-
tion indicator, are both easy enough to
build on perforated construction board
using wire-wrap techniques. If you have
never done any wirc-wrapping before,
this would be a good place to start
becausc ol the simplicity of the circuits.
(Articles on wire-wrapping techniques
and materials appeared in the August
1979 and March 1980 issues of Radio-
Electronics.)

You'll need nine jumper wires on the
LED-sequencer board. Those can be
made from wire-wrap wire, stripped at
both ends and tack-soldered to the wir-
ing- or foil-side of the board.

A few words about power supplies for
those circuits: TTL IC’s are very particu-
lar about their working voltage—it
should be five volts, =5% (4.75-5.25
volts). While five volts can be derived

23230008

$ o0t U ” B
] (e SUHHT

.I‘HIII"“- E R TN .

.__-‘*_ u- o . x = t - '

FIG. 47—TRIMMER POTENTIOMETER at left of 74154 IC varies rate at which LED's flash. Mount board
so LED's are visible through opening(s) in skin of robot,
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FIG. 48—PC BOARD for sequential-flasher circuit shown in prototype-version above.

> LED1-LED16

FIG. 43—NINE JUMPER WIRES are required on sequenlial-flasher board. “Odd" LED at left can be
ommitted without upsetting anything if symmetrical layout is desired.
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from the 12-volt supply by means of a
dropping resistor, that method lcaves
itsell open to fluctuations, depending on
how much of a load the rest of the robot’s
electrical and electronic parts present to
the battery at any given time. It's better
to derive the five volts through a 7805
regulator, well heat-sinked to dissipate
the heat generated in dropping the twelve
volts to five The addition of an intermedi-
ate resistor to drop the 12 volts to eight
would ease the load on the regulator.
Other TTL circuits will be described
later and they, too, will benefit from a
regulated five-volt power supply.

A twist-of-the-wrist

One of the options hinted at earlier in
our series was an end-effector (hand) that
could be rotated at the “wrist” to give an
additional degree of freedom.

That “twist-of-the-wrist” end-effector
uses the claw-type mechanism described
in Part 2 (September 1980) but, rather
than being firmly attached to the manipu-
lator (arm), it is attached to the shaft of a
stepper motor. A stepper motor is a
motor whose shaft turns just a little bit
each time an electrical pulse is applied to
its windings.

Figure 50 shows a circuit that gener-
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FIG. 51—CLOCK-SIGNAL GENERATOR board
for stepper motor controller.
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FIG. 52—INTEGRATED CIRCUIT, IC1, is a 555

timer (shown at lower-left in Fig. 50). One-kHz
clock signal is fed to second PC board.

ates those pulses and drives the motor.
The circuitry actually consists of two
parts. The first, used to gencrate the

——

P‘ 2-1/4 INCHES -

FIG. 53—DIVIDER CHAIN AND LATCHES are
located on separate PC board.

pulses, is identical to the 555-1C section
of the LED sequencer board, excepl for
the values of R1 and CI, which are cho-
sen to give an output of one kHz.

The second uses two 7476 1C's to
divide that one-kHz signal by four (giv-
ing an output of 250 Hz), and that output
is applied to a 7475 quad latch that feeds
driver transistors Q1-Q4. Those transis-
tors are connected so as to provide 12
volts to the four windings of the stepper
motor.

Figures 51-54 show foil patterns and
parts placement diagrams for the two-
board circuit. The 12-volt and S5-volt
(through a 7805 regulator, not shown)
supplics are derived from the wiring to
the solenoid of the end-effector mounted
on the stepper motor’s shaft.



PARTS LIST—STEPPER MOTOR
CONTROLLER
All rsistors /s watt, 5% |
R1—100,000 ohms trimmer potentiometer
R2— 1000 ohms

C1—0.068 uF, 10 WVDC, any type
‘Semiconductors
IC1, IC2—T7476 dual J-K flip-flop
IB3———?4?eqlldlﬂi¢h
IC4—555 timer
Q1-Q4—2N2222 or equivalent
Miscellaneous: 7805 voltage regulator with
heat sink
PC boards for the above are available
from PPG Electronics Co., Inc., 14663
Lanark St., Van Nuys, CA 91402. (213) 988-
3525: Motor Direction Indicator and Step-
per Motor Oscillator, $3.00 each, LED
Flasher, $5.00, Stepper Motor Controller,
mmmmmwmmmp-
ping and handling. CA residents add 6%

+5Y

FIG. 54—COLOR CODES shown here should
correspond with those on molor wires,

end-efiector. The next time the circuit is
activated, the end-effector closes again,
but the wrist turns the other way,

The end-effector and wrist actions can
be made independent of each other by the
addition of another switch to the control
console.

Several stepper motors that have been
lound to work well in this application are
indicated in the parts list. The attachment
of the motor 10 the robot's end-effector
and manipulator is shown in Fig. 55. A

2.60
- 1.2%

FILETO
MOTOR SHAPE

ALL DIMENSIONS IN INCHES
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e |
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FIG. 55—SMALL GEAR ON STEPPER-MOTOR SHAFT does not have to be purchased separately—il
comes with the motor. Note use of bearings through first cross-bar rod,

In practice, when the switch control-
ling that end-effector is thrown, the
“hand™ closes and the wrist begins 10
turn. Returning the switch to the “ofl™
position stops the motor and opens the

9-T (nine-tooth), 64-pitch gear is
mounted on the shaft of the stepper
motor and drives a 36-T, 64-pitch gear
attached to the end-effector mounting
flange by means of a Ye-inch diameter

FIG. 56—COMPLETED rotatable end-effector
mounted on forearm shows modified connec-
tion to solenoid using solid steel wire.

shaft passed through two fange bearings
in the end cross-bar rod. Not shown in
the mechanical drawing is a hole bored
through the axis of the shaft to pass the
wire that operates the claw. Fig. 56 shows
Lhe assembled rotatable end-effector with
the 20-gauge solid wire pivoted where it
s attached to the solenoid to allow free
rotation.

To mount the stepper motor and rotat-
able end-effector, the end cross-bar rod
has to be drilled for the bearings and
shaft, and the next cross-bar rod up
should be filed to accept the shape of the
motor. The motor is clamped and/or
bolted to the arm assembly,

In the next installment, in preparation
for radio- and computer-control, we'll
describe motor-control circuits that oper-
ate from logic-level signals, and start
making radio-control system. R-E
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ROBOT

Adding Remote Control

Part 7—The first of several parts on adding remote control to Uni-
corn-1. The first step is a relay board to drive the 12-volit system from
a five-volt source. Also, there’s a uniquely robotic arm.

WHILE THE COMMAND CONSOLE AND UMBILICAL cable are fine for getting the féel of controlling the robot, there
comes a time when you're ready to break loose and operate the robot from a distance—by radio control, for
example. In this section we'll begin the changeover—whether it's for radio or computer control—by construct-
ing a relay board to operate the robot’s 12-volt motors and solenoids from 5-volt (logic-level) signals.

We'll also describe another type of manipulator arm for the robot that does away with the elbow-bending
action and substitutes for it an extendable arm.

Relay board

Both the radio-control decoder circuitry and the computer-interface generate logic-level signals—where the
voltages are either close to zero for a logic *0", or close to five volts for a logic 1. Since the motors and
solenoids in the robot are designed to operate from a 12-volt supply, we must devise some way of switching 12
volts from a 5-volt control signal. That is the purpose of the relay board.

T'he board is a standard 22 /44 finger (44 fingers, with 22 on each side), 4 X 5-inch perforated 1C prototyping
board that fits into a mating edge-connector and is available from a number of sources. One side has a foil pad at
cach of the perforations and two sets of traces for power distribution, but the other is bare, except for the fingers
at the card-edge.

Figures 57 and 58 show the same relay board from the foil side with an X-ray view of the relays that are
mounted on the bare side of the board. All wiring, with a few exceptions that will be pointed out later, is done on
the foil side of the board. Two diagrams will show exactly how the wires are connected.
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The DIP relays, capable of switching
one amp, (sce parts list) are mounted on
the bare side of the board in 16-pin DIP
sockets. Table 1 shows the function of
each of those relays. The sockets can be
secured to the board either by soldering
their corner pins to the foil pads on the
bottom of the board or by a bit of epoxy
between the socket and the surface of the
board. The first method is preferable.
Sockets are used in case the relays have to
be replaced.

All 20 relays are the same type, DPDT
(sce Fig. 59), even though, in some cases,
only one section of a set of relay contacts
may be used.

It is recommended that, whatever des-
ignations (if any) are given to the fingers
on the prototyping board you use, you
follow the ones given here, to reduce the
possibility of confusion and miswiring.

Looking at the foil side and starting
from the right, the fingers bear the letters
- | . “A” through “Z" (with four letters left
e e e ot B e . #F out to give us 22). The fingers on the bare
(relay) side of the board, but still looking
bl soad at the board from the foil side, are num-
ooqodooglc bered | through 22, from right Lo left.

ogopogfol (Viewing the board from the bare side
: would show the numbers 1 through 22,
but from feft to right.) Finger “A" is
opposite finger 1, finger “B” is opposite
finger 2, etc.

Eﬁa 40RY|1g 80 o1 4ORYZ20 8O
016 13c LAS 9 516 130 PAS g,

I e e, S

FIG. 57T—RELAY COIL CONNECTION to card-adge fingers. Most of the =GN0 Make sure you understand that svstem
wires go to the relay-side of the board (See Table 2 for specific = 12 VOC ]
pinouts). before you start wiring thmga ur
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FIG. 59—PINOUT OF RELAYS used in this pro-

ject by author. Relay contacts should be rated
at one amp.

Wiring procedure

Refer [requently to Figs. 57 and 358,
and to Figs. 60 and 61.

Begin by connecting pin 1—it feeds
one end of the relay’s coil—of each of the
IC sockets to the ground rail of the board
as shown in Fig. 58. The only exceptions
to that are relays RY19 and RY20. In
their case it 15 pin 16 that’s connected to
ground.

Use insulated wire throughout—there
are going to be lots of wires, and the pos-
sibility of short circuits exists. You can
use wire-wrap wire for connections to
pins 1 and 16, but all the others will
require at least 22-gauge wire to carry
sufficient current for the motors and sole-
noids. Using a color-coding system will

il SS—— S . SEESSSSSSESSTEr S EESSEE  EESSEEeeSSSSSRE SEeSSEEN S Sy (S W S S ST E—

FIG. 58—MOST OF THE REMAINING connections are made on wiring- > GND simplify signal tracing later. i
side of board. See Table 3 for details. Remember: Both diagrams show =3 UHE Next, connect pin 16 (the other end o
foil-side ol board—relays will not be visible! the coil) of each socket (pin | for RY 19



RY 1 Body rotate, right BR (R)
RY2 Body rotate, left BR (L)
RY3 Left wheel, lorward LW (F)
RY4 Left wheel, reverse LW (R)
RY5 Right wheel, forward RW (F)
RY6 Right wheel, reverse RW (R)
RY7 Right hand rotate RHR
RYB Horn H
RY9 Left shoulder, up LS (U)
RY 10 Left shoulder, down LS (D)
RY 11 Right shoulder, up RS (U)
RY12 Right shoulder, down RS (D)
RY13 Unassigned X
RY 14 Unassigned X
RY 15 Left arm, up LA (U)
RY 16 Left arm, down LA (D)
RY17 Right arm, up RA (U)
RY 18 Right arm, down RA (D)
19 Left arm solenoid LAS
RY20 Right arm solenoid RAS

AR Py v I R

FIG. 680—BE VERY CAREFUL when wiring the
relay board and check for shorts and solder
bridges. Color coding wires helps.

and RY20) to the appropriate finger at
the card-edge, as shown in Fig. 57 and
Table 2. That is part of the cxception
mentioned earlier— 135 of those wires arc
connected to the fingers on the bare side
of the board by passing them through
convenient holes. Fig. 61 gives an idea of
what that will look like.

You should note that the wires may not
run straight down, as is suggested in Fig.
57, but may zig or zag to one side or the
other to mate with the pad that connects

FIG. 61—RELAY BOARD plugs inlo 22/44 pin
edge connector that will be wired to relay-driv-
er board and to 12-voit systems.

to the appropriate finger.

A 22 uF tantalum capacitor is mounted
on the relay-side of the board and sol-
dered to the 12-volt and ground-supply
rails. Make sure that the “+" side of the
capacitor goes to the 12-volt line.

The 12-volt rail is connected to finger
“B", and the ground rail to finger “A",
on the foil side of the board.

Figure 58 shows the connections for
the normally-open relay contacts (pins 8
and 9), and those connections are also
listed in Table 3. Before making connec-
tions to the card-edge fingers, wire the

PARTS LIST—RELAY BOARD
Item Quantity
22/44-finger, 4 x 5-inch prototyping board 1
(Radio Shack 276-154 or equivalent)
DIP relay, 5-valt coil, 1-amp contacts 20
(Radio Shack 275-215 or equivalent)
16-pin DIP socket 20
22 uF tantalum capacitor 1
Miscellaneous: wire, solder, etc.

pin 8-to-pin 8, and pin 9-to-pin 9 jumpers
shown for some of the relays.

Finally, still referring to Fig. 58, con-
nect pins 4 and 13 to either 12-volts or
ground, as indicated.

Finishing up

Inspect the entire board for solder
bridges and shorts, and make certain that
every wire goes where it's supposed to.
The wires should be held close to the
board. They can be secured with a drop of
one of those very-fast-setting glues, with
epoxy, or with silicone sealant.

The operation of the relays can be
checked by applying 5 volts and ground
to pins | and 16 of the sockets or, better
still, to the appropriate fingers at the
card-edge. You should be able to hear the
contacts of the relays click quietly as they
close.

The long arm of the . . . robot

A telescoping (or extendable, il you
prefer) manipulator was designed to give
the robot added versatility as well as an
additional unique feature. It replaces the
flexing action of the elbow joint (a human
attribute) with the ability to “stretch™ the
arm—something which is definitely not a
characteristic of people, or of most other
animals.

Refer to Fig. 62 as the construction of
this new arm is described.

First, the manipulator with the claw-
type end effector (that can even be the
one with the rotatable wrist) is removed
from the robot at the shoulder, and the
entire upper scction—from the clbow
hinge 1o the shoulder-attachment sec-
tion—is disassembled. Only the two side
rods, the elbow-hinge cross-bar rod, the
'/4-20 threaded rod and limit switches are
re-used. Hold onto the other parts,
though—you may find a use for them lat-
er. (That's one of the prime rules of
scrounging.)

The first step after that is to cut two
'/:-inch diameter aluminum rods six
inches long, and to bore a Yi-inch hole
through the entire length of each. Those
holes must be true, so work very carefully
and slowly.

Next, the two 'Z-inch diameter side-
rods that were removed from the original
arm are cut to a length of six inches, as
measured from the elbow-hinge end.
(This end will be reattached to the shoul-
der motor later.) Each of those rods will
then be mated to one of the '/:-inch diam-
cler rods by lapping the two until a
smooth sliding action is achieved.

That lapping (which is the process of
rubbing the two pieces together until all
excess material has been worn away and
they fit smoothly together—and, inciden-
tally, 1s the way telescope mirrors are
made and polished) is accomplished by
applying a polishing compound to the
inside of the bore hole in the aluminum
red and moving the 'Y:-inch steel rod in
and out of the hole while rotating it slow-
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TABLE 2 TABLE 3
RELAY COIL WIRING RELAY CONTACT WIRING
Relay From pin no. To finger no. Relay From pin no. To finger no.

RY1 16 20 2 8 W
RY2 16 17 2 g v
RY3 16 R 4 8 12
RY4 16 M 4 o 11
HYS 16 [ 6 o D
RYE 16 3 6 9 C
RY7 16 21 7 9 16
RYS8 16 16 g 9 X
RYS 16 P 9 8 S
RY10 16 L ) a 13
RY11 16 7 1 8 F
RY12 16 2 1 9 E
RY13 16 15 13 9 Z
RY 14 16 19 14 9 Y
RY15 16 N 15 8 U
RY 16 16 B 15 9 T
RY 17 16 5 17 8 J
RY18 16 1 17 9 H
RY 18 1 18 19 a 22
RY20 1 4

Ground trace — A

12-volt trace - B

ly with an electric drill. (Ordinary auto-
mobile rubbing compound will work very
mcely,) .

A note of caution: The roughness left
by boring the hole can, and probably will,
grab the rotating steel rod and wrench the
aluminum rod out of the clamp you are
using to hold it. An indication that that is
aboul 1o happen is an increase in the tem-
perature of the aluminum rod that you
can detect with your hand. Check for that
frequently and, as soon as you notice it,
either slow the speed of the drill or
remove the steel rod and stop work until
things cool down.

The job 15 finished when the steel rod
slides smm!ﬁl}r within the aluminum one.
Stop at that point! If you continue, the fit
will become sloppy and the parts may jam
when in motion.

Another note of caution: Each set of
rods that 1s lapped must be kept together
as a matched pair. A steel rod that has
been lapped in one aluminum rod (now a
tube) will not mate well with another!

The next step is to prepare two square
posts (made from ’/w-inch square ex-
truded aluminum material with '/-inch
walls) to attach the new arm to the shoul-
der motor cross-bar rod.

The length of each post is 1'% inches.
One end of each post should be filed so
that the walls, which were originally /-
inch thick, are reduced to a thickness of
'Yw-inch. Fortunately, that only has to be
done for the first quarter-inch of the post.
Drill a '/+inch hole in the other, unfiled,
end, so that its outer edge is '/s-inch from
the end of the post.

Four cross-picces now have 1o be pre-
pared. The first is the shoulder-hinge
plate, shown at the upper-right of Fig. 62.
It might be worthwhile to refer back to
Parts 1 and 2 of this series (August and
September 1980) to review the metal-
working techniques presented there.

From a piece of 'Y-inch aluminum
plate cut a piece 2'/: X /a-inches. (Those
are the final dimensions—remember 10
allow for wastage.) Mark two “i-inch-
square openings at the ends of the piece
leaving '/s-inch clearance from the edge
(sce Fig. 62).

You can cut out those openings by
drilling a series of small holes along the
inside of the lines you marked and then
cutting or drilling through the “webs™
between the holes to remove the center
piece. Then, using a warding file, finish
the opening, from time to time checking
the size of the opening by fitting the filed
end of the square post that will eventually
g0 into that hole into it. The objective is a
snug, push-in, fit with no play. Once the
post is in the opening, it should not be
able to be removed without some effort.

When both square holes are completed
to your satisfaction, a recess must be
made in the top of the piece to seat the
bearing that will hold the end of the '/:-20
threaded rod.

That bearing can be one of twe kinds.
It can cither have an inside diameter of
'Ys-inch that will accept the threaded rod
as it is or, it can be smaller and the rod
turned or filed down to fit it. The first
approach will give more strength, and is
recommended. After marking the posi-
tion the bearing will occupy (the center of
the bearing’s opening even with the top of
the bar, and the bearing in the middle of
the bar), the semicircle can be cut using
the drill-and-file technique described
above or the metal can simply be filed
away until the desired shape is oblained.

A '/-inch-wide strap of aluminum or

PARTS LIST—EXTENDER ARM
Supplier's
Item Size Quantity | part no. Supplier
Aluminum Ye=In. dlam, % 2 AB-6 (A
side rod B-inch
Yasineh 1a X 2%- 2 APS-1 (A
aluminum inches
plate
Aluminum or | Y X Y X 2% 1 (K)
brass plate inches
Ve X 2%-inches| 1 APS-75 (A
Bearing Ya=in. 1.D., 1 B2-10 iy
Ye-in, square | 1%s-long 2 K
aluminum post
Push rod 4 in, Vaein, 2 (K)
diam,, long,
threaded 8-32
both ends
Gear 305-in. diam., 1 P72A-20 | (A),
20-T, 72 pitch
1-in. diam.,
72-T, 72 pitch 1 P72A-72 | (A)(B)
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DRILL & TAP KEY
A 43 DRILL-TAP 440
B 330DRILL (BODY DIA. &-40)

C 29DRILL-TAPB-32 E
D 19DRILL(BODY DIA. 8-32)

7 DRILL-TAP %-20

F 0250 DRILL (BODY DIA. %-20; 0.2497)

G 0,500 DRILL OR
DRILL 0375 REAM TD 0.500

FIG. 62—USE THESE DIAGRAMS, together with instructions given in text, to buiid extender arm.
Counterweight is not shown, bul attaches to last cross-bar rod.

brass will be used to hold the bearing in
place. With the bearing temporarily in
position, bend the strap over it and mark a
spot at each end of the strap for a mount-
ing hole, Use a #33 drill bit to make
these holes in the strap.

Then, mark through those holes to the
edge of the plate, on either side of the
semicircular cutout. Drill holes at those
points using a #43 drill, and tap them to
accept 4-40 screws. Do not mount the
bearing yet—several more holes still have
to be drilled in the plate.

Mark three drilling points in the edge
of the aluminum plate for each square
post so that the holes drilled will intersect
each side of the square posts in the mid-
dle. Then insert the posts into the square
holes, tapered-end first, and drill com-
pletely through the aluminum plate and
the side walls of the posis using a #33
bit. You should wind up with six holes in
all.

Now take a break and polish the two
six-inch drilled-out aluminum rods to a

high luster. That not only gives a good
appearance, but also insures that the trav-
eler bar (sce below) will move freely.

Then insert one of the six-inch rods
into the square opening of one of the
posts (from the unfiled end) for a dis-
tance of '/:-inch. Drill completely
through the three holes previously drilled
(through the plate and the square posts)
into the aluminum rod with a #43 bit.
Tap those holes for 4-40 screws. Do the
same at the other square opening.

Attach the rods to the square posts
using 4-40 machine screws no longer
than */s~inch. The reason for limiting the
length of those screws is to prevent their
biting into the sliding steel rods and
impeding their motion. Set the assembly
aside for a while.

The next two cross-bar pieces, the end
plate and the traveler bar, are both made
from '/e-inch aluminum plate, 2'/2 X 1.
inches, and filed 1o shape as shown in Fig.
62.

They are essentially the same, but have

the following differences: The center hole
in the end plate is simply made with a
'i-inch bit, The center hole in the travel-
er-bar, however, must be tapped to '/+-20
o accept the threaded steel rod. (Dnill
that one with a #7 bit before tapping.)

Another difference is that, while the
'/+-inch holes in the traveler-bar for the
slide-rods must allow those rods to travel
freely through them, their counterparts
in the end-plate are cross-drilled, using a
=43 bit, and tapped for 4-40 screws, to
hold the plate in position on the rods.

Finally—and this holds true for both
pieces—two holes are drilled in each, on
the center line, and /u-inch from the cen-
ter in each direction. Those holes are
made with a =29 drill and are tapped to
8-32 to accept the two four-inch push
rods, threaded on both ends.

The last piece to be fabricated is the
push plate, which is made from "/i-inch
aluminum or brass plate, 2'/: X Yi-inches
in size. Mark a center line along the long
dimension of the flar side of the plate.
Then, measure "/-inch in from both ends
along this center line, and drill /«-inch

continued on page 97
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UNICORN-1
continued from page 63

holes at both points. Cut off the excess
end-material to leave semicircular open-
ings with a '/+-inch diameter.

Drill two '/s-inch holes, “ie-inch from
each edge of the plate for the push rods,
and tap them for an 8-32 thread. Finally,
drill another "/w-inch hole at the exact
center of the piece, and tap it to 8-32, as
well. That hole will be used to attach the
push plate to the forearm.

Position the push plate against the steel
cross-bar rod that used to belong to the
clbow and, using a center punch, mark
the exact center of the hole that was just
drilled in the push plate. Set the push
plate aside and use a # 19 drill bit to drill
completely through the cross-bar rod.
The push plate will be attached to the
cross-bar rod using a /4 X 8-32 screw
inserted, of course, through that rod into
the threaded hole in the plate.

Final assembly

Cut the '/+-20 threaded rod from the
original arm to a length of five inches.
That rod is pushed through the end plate
and threaded into the traveler plate for
approximately two inches. Install the two
four-inch push rods and sccure them to
the traveler bar with 8-32 hardware.

Secure a shoulder-lock gear (1 inch,
712-T, 72-pitch) to the upper-end of the
threaded rod and, having inserted the
threaded rod into the bearing, clamp the
assembly into place on the shoulder-hinge
bar.

Replace the motor that originally drove
the threaded rod with a small |12-volt DC
miniature motor (sce parts list) and
attach a 0.305-inch, 20-T, 72-pitch gear
to its shaft. Secure the motor to the out-
side square bar on the shoulder-hinge
mount and attach the squarc bars (and
the arm they're attached to) to the shoul-
der motor as shown in Fig. 63.

Limit switches can be installed on
small aluminum plates attached to the
end plate and mounted under the motor,
which is fastened to the aluminum bar
mounting-post. Those limit switches take
the place of the ones that are used in the
flexing-elbow assembly and are wired
accordingly.

The additional weight of the manipula-
tor may present too great a load for the
shoulder motor 1o handle. If that is the

FIG. 83—COMPLETED EXTENDER ARM shows
how new motor is attached and how it is con-
nected lo drive threaded rod.

case, a lead counterweight can be fabn-
cated and attached to a rod inserted into
the shoulder assembly and extending
backwards from the joint as shown in Fig.
64. Move the counterweight back and
forth until the motor operates without
strain,

- ..-‘.. ‘
FIG. B4—LEAD COUNTERWEIGHT (left) is used

if weight of entire arm assembly puts foo much
strain on shouldsr motor.

Coming up

The next two sections of this series will
give instructions for building the relay-
driver board that supplies 5-volt signals to
the board described here; for building a
Touch Tone encoder to generate signals
for remote-control operation; for the
companion decoder that supplies logic-
level signals to the relay-driver board, and
for an FM transmitter 1o get the signals
from the encoder to the decoder.

And, for cveryone waiting to let his
computer do the work, the relay-driver
board will also accept instructions from
the computer’s parallel port.

Just wait till you see what's coming
up! R-E
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Don’t miss out again!

Send away today for your 36-page book-
let containing complete reprints of all
seven articles in the series on Backyard
Satellite TV Receivers by Robert B.
Cooper Jr.

This all-inclusive report gives you all the
data you need to build your own Back-
yard Satellite TV Receiver.

B TELLS ALL ABOUT domestic satellite
communications, with full details on how
you can pull those elusive TV signals from
space.

B LEGAL REQUIREMENTS, technical
specifications, and how you, the home
constructor, can meet them. Find out
what mechanical and electronics skills

ou need.

RECEIVER CHARACTERISTICS, tech-
nical details and specifications. along
with examples of actual receivers built at
comparatively low cost.

M ANTENNA DESIGN... and exactly how
Knu can build a spherical antennae, while
eeping total earth station cost for the
complete system under $1,000.
B THE FRONT END is critical when you
build your own system. We help you ex-
plore several different approaches to
making one that will work for you,
B RECEIVER-SYSTEM hardware, and
how it goes together to bring you direct-
from-satellite reception in your own
home.

To order your copy:

Complete coupon and enclose it with
your check or money order for $6.00. We
will ship your reprint, postpaid in U.S. and
Canada within 6 weeks of receipt of your
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A LOT OF THOUGHT WAS GIVEN TO HOW
Unicorn-1 could be controlled remotely.
A number of schemes were considered—
ultrasonics (not reliable enough and not
enough range); infra-red (the same, but
more so), and, of course, radio. A system
was even devised using model-airplane
R/C equipment, but that proved to be
expensive and not easily expandable to
computer-control.

The system finally chosen was inspired
by one used by amateur radio operators
for VHF and UHF repeater control and
its principles are probably familiar to
most Radio-Electronics readers from at
least one other source—the telephone
company.

Before getting into the actual construc-
tion of the robot’s R/C system, it might
be a good idea to fill you in on this
scheme, so you have an idea of the direc-
tion we're headed in.

The heart of the system is the DTMF
(Dual Tone Multi-Frequency) system—
also known as Touch-Tone. A 16-key pad
(shown in Fig. 65)—or a matrix of

FIG. 65—A 16-KEY Touch-Tone pad similar to
this one was used in the prototype to modulate
an FM transmitter.

switches providing the equivalent func-
tion—is used to instruct a DTMF genera-
tor IC, in this case a ICM7206JPE, to
produce a pair of tones unique to the key
pressed.

That tone-pair modulates an inexpen-
sive, low-power FM transmitter operat-

Uniicopnl-1 ;
ROBOT

ing in the FM-broadcast band. The signal
is received by a standard FM broadcast-
band receiver located in the robot and the
tone-pairs are decoded to generate a one-
out-of-sixteen control signal. That control
signal is fed to a relay-driver board to
energize the coils of the appropriate
relays (as described in Part 7 of this
series) and operate the robot’s motors and
solenoids.

This method will lend itself particular-
ly well to computer control. The 16-key
pad is arranged as a 4-row by 4-column
switch matrix where each row generates
its own tone, as does each column. The
result, if the rows and columns are con-
sidered together (lined up in one row) is
the equivalent of a computer byte—the
standard 8-bit word.

A computer can output, through a par-
allel port, an eight-bit binary number that
can represent those same switch closures.
That byte can be used in place of the
keypad to cause the tones to be generated,
thus allowing a computer program to
direct the robot’s actions.

Alternatively, if the robot carries an
on-board computer, the output of its par-
allel port can easily be translated into
control signals for the relays.

Several installments will be required to
describe the control system in detail. This
one will talk about FM transmitters and
the relay-driver board. The next will talk
about the Touch-Tone encoding and de-
coding circuits, and their interfacing to
the others.

Finally, we'll talk about computer in-
terfacing and a little about programming
as it pertains to robot control.

FM transmitter

This transmitter can actually be used
for two purposes, although not simulta-
neously. In essence, it is what’s common-
ly called an FM wireless mike. Usually it
is used to transmit voices or music on an
unused frequency of the FM broadcast
band for personal entertainment pur-
poses.

In that mode, using the robot’s built-in
amplifier and speaker (see Part 5), the
robot can talk to persons in its vicinity—
with a little help from the operator. In

Part 8—Last month we be-
gan to look at a remote-con-
trol system for the Unicorn-1
robot. In this part we will
continue with that system by
describing our control
scheme, a simple FM trans-
mitter, and a relay-driver
board.

JAMES A. GUPTON, JR.

fact, if the robot carries a second wireless
mike, operating on a different frequency,
a two-way conversation can be carried
out.

However, that is secondary to our main
purpose—actually controlling the robot.
(Come to think of it, though, the control
tones could also be fed to the robot’s amp
and speaker, making him sound a little
like good old R2-D2.)

A schematic for a wireless mike is
shown in Fig. 66. No foil pattern is given,
since the circuit can be easily constructed
on perforated construction board. Suit-
able FM transmitters are also available
from a number of companies who adver-
tise in Radio-Electronics.

Transmitter construction

If you build your own transmitter, it
can be constructed on a piece of perfo-
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ic, and most of the ones available as kits,
are intended to be modulated by a high-
impedance microphone. (If you intend to
use a crystal mike, be sure to include
resistor R14.)

If you are going to use the transmitter
only with the Touch-Tone pad for control
purposes, the first two stages—Q1 and
(Q2—can be omitted, and the output of
the tone-generator IC applied to the base
of Q3, since its output level is much high-
er than that of a microphone, and not as
much amplification is needed. In fact,
you probably will have to add several
hundred kilohms of resistance to attenu-
ate the tones so they do not overdrive the
transmitter and cause distortion.

Best results with the homebrew trans-
mitter were obtained when tantalum ca-
pacitors were used where values of five
and ten puF were needed. The tuning
capacitor, C9, should have a value such
that, when it is parallelled with C10, the

FIG. 66—SCHEMATIC DIAGRAM for the FM transmitter. Value of dropping resistor R14 may range
from several hundred kilohms to two megohms or more.

FIG. 67—PROTOTYPE TRANSMITTER built on a
small piece of board. Any construction tech-
nigque may be used.

rated construction board or on a proto-
typing board. A prototype transmitter,
built on a piece of board about 1 X 4
inches, is shown in Fig. 67. Wire-wrap or
point-to-point wiring techniques can be
used. Keep the leads as short as possi-
ble—Ilead length begins to get critical at
these frequencies (80-108 MHz).

The transmitter shown in the schemat-

total capacitance does not exceed 22 pF.
A good place to look for something to use
as C9 is in a junked portable FM radio.

Coil L1 is made using eight turns of
No. 16 copper wire. Its outside diameter
is '/+-inch and the total length of the coil
is 0.6 inches. Coil L2 consists of 12 turns
of No. 30 wire (wire-wrap wire will do
nicely) closely wound around a quarter-
watt resistor of the highest value you have
on hand (it should be at least 100K). The
ends of that coil can be soldered to the
resistor leads, which, of course, then
become the leads of the coil.

The antenna lead is soldered to the
third turn of L1, counting from the 12-
volt end of the coil. The antenna itself can

be either a fancy telescoping type, or sim-

ply a piece of stiff wire. Since we are
deliberately not trying to obtain maxi-

mum efficiency, the length of the antenna
1S not critical—about ten inches seems to
work well.

Locate the antenna right at the trans-
mitter, which can be mcunted inside the
command console if you like. It is not
necessary to feed the antenna with coaxial
cable—it can be connected directly to the
output of the transmitter. What is impor-
tant, though, is that the antenna be insu-
lated from the case containing the trans-
mitter, if that case is metallic, to prevent
it from shorting out to ground.

The frequency of the transmitter can
be affected by the antenna. It should be as
rigid as possible and, more important,
because of capacitance effects, it should
be as far away from possible contact with
your body as possible. Keep that in mind
when you are tuning the transmitter,
especially if the transmitter and antenna
are mounted on the case containing the
keypad and tone encoder.

The best section of the FM band for
your use is probably the bottom—around
88 MHz. Tune your receiver to a clear
spot in that area and turn up the volume
s0 you can hear some background hiss.
Then, using an insulated—or plastic—
screwdriver, sfowly adjust C9, or its
equivalent, if you assembled a kit, until
the hiss is blanked out. That will indicate
that you are receiving your transmitter’s
carrier. Be patient—the tuning process is
critical. It may also be necessary for you
to stretch or compress L1 slightly to get
into the right portion of the band.Before
you fire up the transmitter, you should be
aware of the FCC regulations governing
the use of such devices. Those regulations
may be summarized as follows:

e The use of such devices for per-
sonal surveillance is illegal!

e The range of such devices is lim-
ited to 100 feet. Do not atternpt to
extend that range through the use
of higher power or more efficient
antenna systems—use only what
you need! Improve your receiver,
if necessary.

e Do not attempt to use the trans-
mitter below 88 MHz or above 108
MHz. The former may interfere
with commercial two-way radio
services; the latter with aircraft
communications. Do not use the
transmitter anywhere near com-
mercial airlanes!

To be safe, make sure the signal begins
to fade out about 90 feet from the trans-
mitter. If it is too strong at that range,
shorten the antenna or reduce the input
power. That will not only keep you out of
trouble, but will ensure that you can
clearly observe—and control—the ro-
bot's actions before it does something to
embarrass you.*

In the next part of this series we'll go
into detail on connecting the tone genera-

*Due to the difficulty in obtaining positronic
brains, |saac Asimov's Three Laws of Robotics do
not apply here, and we have to use our own judg-
ment, rather than rely on the robot’s.



FIG. 68—SIMPLIFIED SCHEMATIC of the relay-driver board. Only one section is shown as all others
are the same.

TRANSISTORS SHOWN
HERE ARE 2N222 NOTES: RI1-R32-47082
R33-RB4—22052
Q PAY CAREFUL ATTENTION TO
TRANSISTOR LEAD ORIENTATION
EBC 01-032-SEE TEXT FOR DEVICE
SELECTION

FIG. 70—PARTS PLACEMENT diagram for the relay-driver board. If 2N2222 transistors are not handy,
almost any other type may be used.

tor to the transmitter, and the tone decod-
er to the receiver (and to the robot).

Relay-driver board

A portion of the relay-driver board cir-
cuit is shown in Fig. 68. There is really
very little more to it than that—the same
circuit, for all intents and purposes, is
repeated 32 times.

A foil pattern for the relay-driver
board is shown in Fig. 69, and the parts-
placement diagram in Fig. 70. Don’t be
put off by its complexity, though. Ini-
tially, we'll use only half of that board—
each relay will have its own output from
the ULN-2813A driver IC and its own
transistor. The balance of the board is
reserved for future use—primarily when
it becomes necessary for the robot, when
it gets its on-board computer, to respond
to stimuli from its environment. It can
also serve to provide other control func-
tions if a more sophisticated control sys-
tem is used, and suggestions for that will
appear in a future part of this series.

Jacks J1 and J2 will be used to connect
the relay-driver board to the decoder
board.

Here's how the circuit works: The
ULN-2813A is an inverting octal driver.
What that means is that it has eight iden-
tical sections; and when a logic-high sig-
nal (about five volts) from the decoder
board is applied to the input of one of the
sections, the output of that section goes to
a logic-low state (zero volts, or ground)
and will act as a ground for any voltage
that is applied to it.

When an output of the IC goes “low,”
it causes its associated transistor to be sat-
urated. That allows five volts to pass from
the collector and out the emitter to the
coil of the relay assigned to that transis-
tor, causing the relay contacts to close.
That's all there is to it.

Although IC pin and function assign-
ments are arbitrary, Table 1 shows a sug-
gested arrangement for use with a 16-key
Touch-Tone keypad.

Because we are limited to 16 on/off
control signals, several of the robot’s orig-
inal functions temporarily have had to be
eliminated or combined. For example, we
can no longer beep the horn, and both
end-effectors now operate simulta-
neously.

Regaining those lost functions will be
easy under computer control and later
we'll present a couple of ideas for some
simple logic circuits that will allow the 16
radio-control channels to provide more
than 16 functions.

Construction of the board is straight-
forward. The 2N2222 transistors were
used because they were handy. As Fig. 71
shows, almost any transistor can be
used—you can see four different types
there. If you have PNP—say, 2N2907—
instead of NPN transistors, the only
change that has to be made is to insert the
transistors in the board backwards—the
emitter goes where the collector would
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FIG. 69—FOIL PATTERN for the relay-driver board. Only half the board will be used at this time, with

the rest reserved for expansion.

TABLE 1
IC No., Pin No. Key No. Function
IC1, 1 1 Both wheels, forward
1 s 2 Both wheels, reverse
A 3 Left wheel, forward
SN A Left wheel, reverse
el 4 Right wheel, forward
el 5 Left & right arm solenoids
(ol 6 Body rotate, right
o] B Body rotate, left
IC2, 1 T Left shoulder, up
PR 8 Left shoulder, down
oS 9 Right shoulder, up
el | C Right shoulder, down
Vi ly " Left arm, up
A9l 0 Left arm, down
LR ¢ = Right arm, up
oL - D Right arm, down
TABLE 2
Transistor Relay No. Finger No.
Qi RY3, RYS R, 6
Q2 RY4, RY6 M, 3
Q3 RY3 R
Q4 RY4 M
Q5 RYS 6
Q6 RY19, 18, 4
RY20
Q7 RY1 20
Qs RY2 17
Q17 RY9 P
Q18 RY 10 L
Q19 RY11 T
Q20 RY12 2
Q21 RY15 N
Q22 RY 16 8
Q23 RY17 5
Q24 RY 18 1
be, and vice-versa. The resistor placement  Installation

can stay as shown.

After the relay-driver board has been

' PARTS LIST—RELAY-DRIVER
BOARD

Al resistors i walt, 5%
R1-R32—470 ohms
HGB*HMH—EEH nhma
Eunimduﬂm

IG‘I, IBE—-ULH—EM anilwﬂrtlng octal drim
(Sprague)

m-qaz-—zuzzaz or equivﬂlant HFN-type*
2N2907 or equivalent PNP-type (see text
for details)

J1, J2—20-pin, double row, haadﬂr con-
nector (AP Fm-duats ﬁPﬂmﬂﬂﬂ-H nr
equivalent)

Hl&ﬂml: Fl‘.‘.'- board anuef
;p;_, ' hmrdtﬂadlnﬂhaﬁszﬂ-iﬁﬁ
or’ aqulvalmt} two 22/44-pin sockets
IH&:IIn Ehack 2?&*1551 or equlwm].
18-pin IC sockets, mating connectors for
J1 an?ﬂ JE, ﬂﬂ-aunduntnr ﬂhl:mn i:ahh
~ hardware, wire, etc.

Amhmdmlhualaydmmnrdh
‘available from PPG Electronics Co.,, Inc,
14663 Lanark St., Van Nuys, CA m
(213) 988-3525, Pﬂqﬂ;mplu- $1.00

~ for shipping and handling. CA resi-
dents add 6% tax. m: and Visa mpl-
ed.

completed, it is piggy-backed onto a 22
44-finger board like the one that was used
for the relay board, using !/i-inch spacers.
Make positively sure that the two boards
are electrically isolated from each other.
The emitter (output) of each 2N2222
transistor is connected to a finger on the
piggy-back board. You can use wire-wrap
wire for that. The most straightforward
way is to use the same finger number (or
letter) as that which is connected to pin

16 of the appropriate relay on the relay
board (See Table 2).

FIG. 7T1—THE RELAY-DRIVER BOARD is
mounted parallel to the relay board, seen -
reflected in the mirror.

A 22/44-pin edge connector is
mounted parallel to the one for the relay
board (refer to Fig. 71) and, assuming
that you have followed the wiring scheme
described above, connections are made
between like-numbered pins on the driv-
er-board socket and the relay-board sock-

continued on page 82
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RADIO PRODUCTS
continued from page 80

of three coaxial antenna outputs, one long-wire
antenna, and one coaxial tuner bypass. The
impedance is 10-300 ohms. A direct-reading
SWR meter on the front panel is calibrated from
1.1 to infinity.

The front-panel power meter displays RMS
power with continuous (CW) carrier and automat-
ically displays the peak power when in the SSB
mode in ranges of 0-250 W and 0-2500 W.

The price of the model AT2500 is $698.00.
—Bell Industries, J. W. Miller Division, 19070
Reyes Ave., P.O. Box 5825, Compton, CA
90224.

VARIABLE FILTER, the Varifilter can be set to
maximize one signal (peaking) or to minimize an
interfering signal (notching); it works with CW
(Morse), single-sideband, and AM signals, with-
out ringing, oscillation, or instability. The band-
width is variable from under 30 Hz to over 1 kHz.

CIRCLE 126 ON FREE INFORMATION CARD

The Varifiiter has its own Iinternal power supply,
which is switchable from 115 to 230 VAC, and can
also run from 12 to 18 VDC. Each unit has a tun-
ing eye that lets the operator see when he has
filtered the signal he wants to.

The Varifilter is priced at $139.95.—Kantron-
ics, 1202 E. 23rd Street, Lawrence, KS 66044,

UNICORN-
continued from page 66

et. Table 2 will also help you with that.

Because it is possible to insert the
boards into the sockets backwards, we
recommend that you use a marker pen or
nail polish to indicate the finger-1 edge of
the board and the pin-1 end of the socket.
If the boards are removed and then
replaced, lining up the marks will prevent
embarrassing accidents.

Things to come

Because the radio/computer-control
section of the robot involves so many
parts, it is impossible to present every-
thing in one section and make the transi-
tion from a cable-controlled robot to a
radio-controlled one in a single jump.

The circuit described here, though, can
be checked out by disconnecting the
switches in the command console from
the 12-volt supply, and providing them
with five volts, instead. The motor and
solenoid wiring inside the robot, which
has served us well, can now be connected
to the relays via the pins on the relay-
board socket. Refer to Tables | and 3 in
Part 7. The five-volts from the command-
console switches can now be supplied, via
the existing umbilical cable.

Next month we'll present the radio-
control tone-encoding and decoding cir-
cuits, and Unicorn-1 will be able to cut its
apron strings. R-E
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TO COMPLETE CONVERTING YOUR ROBOT
to radio control, using the method out-
lined previously, three more circuits have
to be added. They are: a Touch-Tone
encoder board, a decoder board, and a
latch board. Those, together with the
boards constructed earlier, will allow the
robot to be controlled remotely.

Encoder board

The Touch-Tone encoder board is de-
signed for use with a 16-key Touch-Tone
keypad. In addition to the numbers zero
through nine and the “#" and “*” signs,
that pad also has keys labeled “A”
through “D."

The keys are arranged in an array of
four rows by four columns. Each row and
column has a particular tone frequency
assigned to it, as shown in Table 1. Press-
ing any key causes a unique tone pair to
be generated. Those tone pairs are gener-
ated by the encoder board, whose sche-
matic is shown in Fig. 72.

The encoder IC, a 7206JPE, is de-
signed to take a “row” input and a *col-
umn’ input and to output the appropriate
tone pair, deriving those tones by dividing
down the output of a 3.579545-MHz TV
color-burst crystal. The tone pair appears
at pin 15 of the IC.

An LED is included in the circuit to
indicate visually that tones are being gen-
erated. Similarly, Q1, a medium-gain
NPN transistor, can be used to drive a
speaker so the tones can be heard. The
speaker can be eliminated if desired, or,
as shown in the schematic, you can insert
a resistor in the circuit to reduce the vol-
ume of the audio output.

The signal fed to the FM transmitter
described in the previous part of this
series is taken from the base of QI. A
dropping resistor (whose value may range
from several hundred kilohms to several
megohms) may be necessary between this
point and the transmitter input to avoid
overdriving the transmitter.

A 9-volt battery operates the encoder
very nicely. If the encoder and transmit-
ter are packaged together, use a separate
battery for each one.

The foil pattern for the small, single-
sided, encoder board is in Fig. 73. Com-
ponent placement is in Fig. 74.

TABLE 1

697 Hz
770 Hz
852 Hz
941 Hz
1209 Hz
1336 Hz
1477 Hz
1633 Hz

ROW

COLUMN

e B3R == fa 0PI -

IS

Unicopn-1

Part 9— This installment of thé Unicorn-1
series finishes equipping the robot for

remote-control operation with tohe-encoder,

Decoder board

The transmitted tones are picked up at
the robot-end of the radio link by a stan-
dard portable FM receiver. It can be
mounted inside the robot’s body with a
whip antenna mounted externally.

Output to drive the decoder board can
be taken from the radio’s earphone jack
or, if you want the tones to be heard com-
ing from the robot, from the speaker
terminals. The audio can also be
fed to the robot’s on-board am-
plifier. Again, a dropping re-
sistor may be required.

Figure 75 is the sche-
matic of the decoder.
The tone pair is fed
to resistor R9,
the level control,
and from there to
eight 567 PLL
tone-decoders.
Each 567 is set to
respond to one of
the eight tones
that can be pro-
duced by the en-
coder board. Each
tone pair causes the output
lines (pin 8) of two of the 567's—one
for each of the two tones—to go to a
logic-low state.

Those outputs are NOR'd by IC9
through IC12, producing a logic-high at
the IC output-pin corresponding to the
key pressed.

Because of its complexity, that circuit
is designed around a double-sided PC
board. Figure 76 shows the “foil” side of
the pattern, while Fig. 77 shows the pat-
tern for the “component” side of the

tone-decoder and latch boards.

board. (For those who do not have the
facilities to make double-sided boards,
sources have been provided—see the note
at the end of the parts list.) Parts place-
ment is shown in Fig. 78 and an assem-
bled board in Fig. 79.

The board requires a well-regulated
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R1
10052

TO8V
BATTERY

A2
47K

R3

IC1
T1206JPE

16

—~COL 1
—~COL 2
—COL 3
—COL4

1L}

O

(2)

 ATAL1

FOIL PATTERN CAN BE
BROKEN AND A RESISTER
INSERTED TO LOWER
VOLUME ON SPEAKER

DIRECT DRIVE MAY BE
DERIVED FROM THIS POINT
THROUGH DROPPING RESISTOR
FIG. 72—HEART OF THE Touch-Tone encoder is the ICM7206JPE IC that converts “row” and “col-
umn” inputs into tone pairs. Speaker shown is optional.
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FIG. 73—ACTUAL-SIZE PC board foil pattern
for Touch-Tone encoder. Eight pads at right are
for connection to keypad.
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FIG. T&—WHEN CONNECTING encoder board
to FM transmitter, make sure that battery polar-

ities agree.
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FIGS.76 & 77—DECODER BOARD is double-sided. Pattern at left is for bottom; pattern at right for top
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PARTS LIST—DTMF ENCODER
BOARD

All resistors /i watt, 5%

R1— 100 ohms

R2— 47,000 ohms

R3— 1000 ohms

Capacitors

C1—0.022 uF, ceramic disc

C2—0.0022 uF, Mylar

C3—39 uF, tantalum

Semiconductors

IC1—7206JPE DTMF tone generator

Q1—MPSA-13 or equivalent NPN-type

LED1—jumbo red LED

XTAL1—3.578545 MHz TV color-burst
crystal

S1—SPDT push button switch

Miscellaneous: PC board, IC socket, 8-

ohm speaker, 16-key keypad (Digitran

KLO049 or equivalent), cabinet, battery

clip, etc.
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= segment showing off those robots and
FIG. 78—THE DTMF DECODER BOARD has all signals brought out to edge connector and also presenting some of the innovations
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FIG. 80—LATCH BOARD takes output of decoder board and “remembers’ commands until second output disables latches. This feature allows commands
sent out sequentially to be carried out simultaneously.
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PARTS LIST—LATCH BOARD

Capacitors

C1-C4—0.1 uF, ceramic disc

Semiconductors

IC1-IC8—7474 dual "D" edge-triggered
flip-flop

Miscellaneous: PC board, IC sockets, rib-
bon cable, etc.

The following are available from: Hal-
Tronix, PO Box 1101, Southgate, Ml 48185,
Tel. (313) 285-1782: encoder Kkit, including
case (ECD-16DL), $39.95; encoder kit less
case (ECD-16K), $29.00; PC board only
(ECD-16PC), $8.00. Decoder kit (no case)
(567-16K), $69.95; double-sided, plated-
through PC board only (567-16PC),
$21.00. Latch board kit (LB-16K), $18.95;
PC board only (LB-16PC), $11.95. Also
available from the same source:
ICM7206JPE IC, $8.95; 16-key keypad,
$11.95. Please add $2.00 shipping & han-
dling on orders under $20.00. Visa and MC
accepted. Boards and kits are also avail-
able from: The Robot Mart, Room 1113, 19
W. 34th St., New York, NY 10001 (catalog
£3.00).
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FIG, 82—LATCH BOARD SIGNALS are not brought out to edge connector. Connections must be
made to pads on board. The use of multicolored ribbon cable is suggested.

five-volt supply to operate properly.
Alignment is simple: Starting with 1Cl1,
connect a frequency counter to pin 5 of
the 567 (no signal input is necessary).
Adjust the 10K potentiometer associated
with the IC until the frequency indicated
on the schematic for that IC is obtained.

Proper tone-decoding can be verified
by applying a tone pair to the input of the
board and checking for a logic-high at the
corresponding output pin of the 7402
NOR gates with a logic probe.

If the probe’s HIGH LED does not stay
on steadily, it indicates that one or both of
the 567’s associated with that tone pair is
not quite on frequency and needs a slight
adjustment. If you have to make such an
adjustment, proceed carefully—remem-
ber, each 567 is responsible for four indi-
vidual outputs and you must check them

all.

Latch board

While it is possible to operate the robot
without the latch board, there are two
important reasons why it should be in-
cluded.

Firstly, it eliminates the need to keep a
function key depressed. With the latch
board, the key is pressed once to initiate
the function desired, and pressed again to
stop it. Not only does that save wear and
tear on the batteries (and fingers) but it
also brings us to the other reason for
using the latch board.

Without it, only one function at a time
could be carried out by the robot. With it,
however, as many functions as desired
can be operated at the same time and they
can be switched on and off at will.

PARTS LIST—DTMF DECODER
BOARD

All resistors /4 watt, 5% unless otherwise
specified

R1-R9—10,000 ohms, ten-turn trimmer
potentiometer (Bourns 3006P or equiva-
lent)

R10-R17, R32—4700 ohms

R18-R25, R33—2200 ohms

R26, R27—8200 ohms

R28-R30—6800 ahms

R31—5600 ohms

Capacitors

C1—0.47 uF, tantalum, or ceramic disc

C2-C9—0.1 uF, Mylar or monalithic

C10-C17—2.2 uF, tantalum or aluminum
electrolytic

C18-C25—1 uF, tantalum or aluminum
electrolytic

C26, C27 —200 uF, electrolytic

Semiconductors

IC1-IC8—NES567 PLL tone decoder

1IC9-1C12—7402 quad NOR gate

D1—5.1 volts, 1 watt, Zener

Miscellaneous: double-sided, plated-

through PC board, IC sockets, ribbon ca-

ble, etc.

The latch board (Fig. 80) uses eight
7474 dual D, edge-triggered, fip-flop
IC's to form 16 latches. The latching
action is handled by cross-coupling each
gate’s inverting output (pin 6 or 8) to the

“D" input (pin 2 or 12) of the IC. The

status of the “D” input determines the
status of the outputs. If it is **high,” the
normal (non-inverting) output (pin 5 or
9) is also **high,” and the inverting output
is “low.” If it is “low,” the status of the
outputs is reversed.

The 7474 triggers on a “low” to *high”
transition of the input (clock) signal (pin
3or 11). When a signal from the decoder
board is applied, a *high” to “low” transi-
tion takes place and the normal (non-
inverting) output of the gate goes “high™
and stays “high.” Simultaneously, the
inverting output goes “low.” That forces
the “D" input “low,” which means that
the next “high™ to “low™ transition at the
input will cause the output to go “low,”
and so on.

That means that the first time a func-
tion key is pressed, a function will be
called into play. The next time it 1s
pressed, that function will stop. And
since, once the latch has been set, the
function continues, another key can be
pressed and another function called up
while the first is running.

The cLEAR inputs of the IC’s (pins |
and 13) are also brought out to the board
(the double donut pads in Fig. 81—if
used they should be jumpered together)
for future use. If the CLEAR inputs are
grounded, the latches immediately go toa
“low™ state. That feature can be used as a
“drop dead” switch to completely disable
the robot by pushing a single key, if it
becomes necessary.

The “drop dead” feature could also be

continued on page 88
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UNICORN-1 ROBOT
continued from page 69

tied into the FM receiver. Now, if the
carrier from the transmitter were lost, the
robot would immediately stop function-
in for long-range
work.

This board also requires a good five-
volt power supply. Connect it directly to
the board—the fingers at the edge are
intended for mounting purposes (there
aren’t enough of them on a single-sided
board for all the inputs and outputs).

The connections are called out in Fig.
82. Use ribbon cable to connect the

decoder and latch boards and to connect
the latch board to jacks J1 and J2 on the
relay-driver board.

With these three boards installed, the
conversion to radio control is complete.
In the next installment we'll: discuss what
would be involved in interfacing the robot
L0 a computer, R-E
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continued from page 86

computers, terminals, modems, and printers, as
well as office, laboratory, and communications
equipment. It incorporates a wall-socket type fix-
ture, so that all equipment can be plugged in eas-
ily and any 117-volt AC wall outlet is thus con-
line.

verted into a "dedicated”

CIRCLE 154 ON FREE INFORMATION CARD

The model 300 clamps high-energy transients
and filters RFI (Radio Frequency /nterference)
from the AC line. Should a severe transient take
place, the device will “‘fail safe,” protecting the
equipment without interruption of service or loss
of data. The status of the protection is continu-
ously monitored by a LED.

Both low and high-impedance loads are pro-
tected from common- and transverse-mode tran-
sients. The model 300 holds down voltage spikes
to safe levels, absorbing up to 80 joules of tran-
sient energy. It is easily portable, weighing only
one pound. Price $135.00—MCG, 160 Brook
Avenue, Deer Park, NY 11719.

“D" CONNECTOR TOOL model CP-200, is de-
signed to crimp "“B''-type insulated wire connec-
tors onto the ends of unstripped wires. Metal
“teeth' within the connector penetrate the wire
insulation and engage the conductor when the
connector is crimped. A built-in ratchet assures
that a complete pressing cycle is made before the
handles are released. A factory-set mechanical
stop prevents over-pressing, thus assuring a
high-quality conductive joint.

CIRCLE 155 ON FREE INFORMATION CARD

“B'" connectors are available both plain and
“jelly” -filled. The latter features “'silicone-type
grease packing' which wards off contamination
of the connection and inhibits oxidation. Both
types of connectors are available in packages of
250, 500, and 1000 pleces. Prices: CP-200—
$55.00; 250 “B" Connectors—$12.00 for the
plain, $17.33 for the jelly-filled.—OK Machine
and Tool Corporation, 3455 Conner Street,
Bronx, NY 10475. R-E
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WITH THE UNICORN-1 ROBOT OPERATING
under radio control, what now? Why,
computer control, of course! This part

will deal with that subject, although, |

because of its complexity, only in general

ontro
For those of you already involved with

computers—micro or otherwise—much

of what will be discussed here may seem
elementary. For those who have not yet or c
been exposed to that fascinating area of

electronics we will try to keep things as

simple as possible.

What will be covered here will be the )
concepts involved in having the actions of
a robot determined by an electronic de-

vice rather than by a human operator.
That's where much of the challenge of
computer control comes in.

A human can exercise his judgment—

without necessarily having to think about ;
it—and change the robot’s actions to  Part 10—If your robot is go-

meet the circumstances. The computer :
also has to exercise judgment, but before ing to use computer control,

it can do that it must be taught—or pro-  here are some thoughts on
grammed—how to make judgments; that the subjecr that will he!p you

involves a great deal of highly detailed ! :
programming. in setting up your system.

For those of you who are unfamiliar
with computers, it is not enough just to
connect a computer to the robot and say,
“Go ahead . . . do your stuff.” Every
action must be pre-planned, and, more
important, every consequence of every
action must be considered and the appro-
priate reaction prepared.

That is one reason why we will not pre-
sent specific programs for robot control
but will, instead, talk about the way those

programs will have to function.

Methods of computer-control

To put it broadly, there are three ways
that a computer can be used to control the
robot’s actions,

The first, and simplest, would substi-
tute a computer, located outside the
robot, for the command consoles de-
scribed earlier in this series. That com-
puter would be linked to the robot either
by cable or by radio.

The program for that system would be
fairly simple and would allow the opera-
tor to type in a command, to which the
robot would respond. For example, en-
tering “GO"” or “G"” would cause the
robot to move forward; “TURN LEFT”
or “L” would cause it to turn to the left,
and so on.

That elementary program could be
modified to operate with a speech-recog-
nition device—several of which are avail-
able for a couple of hundred dollars—to
allow the robot to respond to the spoken
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word. The vocabulary would be limited
(but adequate) but the commands would
have to be given to the external computer,
not to the robot directly.

The second system would be a pro-
gram, or series of programs, that would
command the robot to perform a prede-
fined sequence of actions.

For example, the robot might be in-
structed to move forward lor ten seconds,
stop, raise its right arm in a salute, beep
its horn, and then turn around and return
to its starting position.

Such programs could become very
elaborate, but have a major drawback.
Unless the robot is equipped to respond
to its environment (and, so far, it isn’t)
any unknown factor that enters the pic-
ture could have serious consequences.

Using the program above as an exam-
ple, suppose that, unknown to you, the
robot is facing a brick wall, five feet in
front of it. Shortly after the robot begins
to carry out the instructions given to it by
the computer, it will run smack into that
wall! Not only will that interfere with the
rest of the program, but it can also cause
damage to the robot and, possibly, the
wall. Or maybe, instead of a brick wall,
there’s a person or a piece of furniture in
the way. The overall damage—and its
consequences—could be considerably
MOre Serious.

In any case where the robot is operating
without human intervention, provision
must be made for the program to be over-
ridden!

Any program of that nature must con-
tain some means for the human supervi-
sor to stop or alter the robot's actions at
any time. That is one reason that the
*drop-dead” circuit was included on the
latch board (Part 9)—one command
would activate that circuit and cause the
robot to stop in its tracks, should any
unforseen circumstance arise.

The third method of computer control,
and the most fascinating, involves the

-robot having its own, on-board, comput-

er. The precautions given for the second
method also hold here. We'll talk about
that method in more detail shortly.

Interfacing

Whichever method is chosen, the robot
must be equipped to respond to (and, per-
haps, “talk back™ to) the computer. For-
tunately, the circuits already being used
by the robot are designed with that in
mind.

There are two formats that computers
can use to output data or to receive It:
parallel and serial. The parallel format is
always used by the computer internally.

The unit of information that the com-
puter uses for communication is called a
byte. A byte is made up of eight bits (bi-
nary digits)—each one either at a logic-
“high” or logic-"low” state—and the
computer operates on all eight bits at
once. Frequently, when a computer is
used to operate a printer, the parallel for-

OO0 0 OO0 0 O O

o Jl (o 1 o Y 3 o P (.

FIG. 83—ALL THE BITS of a byte are sent simultaneously in parallel communications (a). A UART (b)
converts parallel data into serial data for transmission over a single line.

mat is used and eight lines are used to
connect to the printer—one for each bit
of the byte.

On the other hand, sometimes it i1s con-
venient—or even necessary—to transmit
computer data using only a single line (by
telephone, for example). In that case, the
serial format is used. The computer takes
each byte and sends it out bit-by-bit, one
after the other, indicating the beginning
and end of each byte. At the other end,
the eight bits are received in the order in
which they were sent; when they have all
arrived, they are used in parallel. Both of
those systems are illustrated in Fig. 83.
The device that performs the parallel-to-
serial and the serial-to-parallel conver-
sions 1s known as a UART (Universal
Asynchronous Receiver/Transmitter).
UART’s would be used if commands
were transmitted to the robot by radio.

If you connect your computer to the
robot by means of a cable from the com-
puter’s parallel port, it would be a good
idea to use twice as many lines as neces-
sary (16) and ground every other one.
That will help keep electrical noise from
getting mixed in with the data.

(For more information on how com-
puters operate see “Your Own Comput-
er’” in the October 1980 issue of Radio-
Electronics and the article on assembly
language computers on page 45 of this
issue.) )

The decoder-, latch-, and relay-driver-
boards in the Unicorn-1 use parallel data.
Using the same technique as used with
the 7402 IC’s on the decoder board, any
two bits of an eight-bit word (byte) can
be NOR'd or NAND'ed to produce a single
control bit for the relay-driver board. If
you're knowledgeable, more complex and
versatile encoding /decoding schemes can
be used.

Which computer?

There are two classes of computers that
must be considered: those for external use
and those that can be mounted on-board
the robot.

Almost any computer that has at least
one parallel port can be used for the first
purpose and it is not our intention to sin-
gle out one manufacturer’s over the other.
If you are contemplating buying a com-
puter, refer to the articles mentioned
above.

The important thing is that the com-

puter be equipped with a parallel port and
that it be flexible enough to meet your
needs—present and anticipated. For ex-
ample, if you are considering using voice
control, make certain that there 15 a
speech-recognition board available for
your computer.

It should be noted that some comput-
ers—such as the Radio Shack TRS-80
and the Commodore PET—do not have
parallel ports as such, but that their
expansion connectors—{requently used
to connect to printers—are actually just
that. The thing to look for is eight data
lines, usually designated D@ through
“D7.” If you have those, you have your
parallel port.

You will also want a cassette and/or
disk interface to allow you to save pro-
grams that you have written for the
robot.

One thing you should avoid are inex-
pensive computers that are actually glori-
fied video games. They generally will not
have the facilities you need and it will
prove difficult (or impossible) to add
them.

The other possibility is a single-board
computer that can be mounted in the
robot. In addition to a parallel port and
cassette interface, that computer must
also have a hexadecimal (*hex™) keypad
for programming, and some kind of LED
display, if it is not going to be used
together with an external computer. An
example of how such a computer would
be interfaced to the robot is shown in Fig.
84.

A good computer for the purpose is the
KIM-1. Unfortunately, that computer
was recently discontinued; but you may
still be able to find one here and there.
Other possibilities include the SYM-1 (a
sort of super KIM), the ELF-II or the
Explorer/85 (keypad version). Again, re-
fer to the article on page 45. Both the
ELF-II and the Explorer/85 are manu-
factured by WNetronics, 333 Litchfield
Road, New Milford, CT 06776. The
SYM-1 is produced by Synertek Systems
Corporation, P.O. Box 552, Santa Clara,
CA 95052.

Bear in mind that some of those com-
puters may require a power supply other
than 5- or 12-volts DC. In that case a
power inverter (see Fig. 85) can be used
to turn the robot’s 12-volt supply into 117
VAC, which the computer’s power sup-
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FIG. 84—SINGLE-BOARD COMPUTER can be connected to nor gate section of latch board or to an
equivalent circuit designed to give a single output from a two-bit input. That is only one of many
possible schemes.

FIG. B5—AN INVERTER (left rear) may be needed if the on-board computer has power requirements

other than +5 or +12 volts DC.

ply can then convert readily to its own
requirements.

Finally, if you already own a computer
but intend to install another in the robot,
it would be a good idea to make sure that
both computers use the same-type, or
compatible, microprocessors. The KIM-1
and SYM-1 use the 6502, which is also
found in the Apple 11, OSI Challenger(s)
and the PET, and the Z-80 in the TRS-
80 is compatible with the Explorer/85's
8085.

The 1802, used in the ELF Il and in
RCA’s VIP, is not normally found in
larger computers, but that does not mean
that an 1802-based single-board comput-
er should not be used in the robot.

The fact that both of your computers
use the same microprocessor means that
both of them speak the same language, at
the microporcessor level. That, in turn,
means that you can use your larger com-
puter to develop and debug (trouble-
shoot) programs to run on the robot’s
computer and to download (transfer from
the larger to the smaller computer) those
programs, either directly or, if the cas-
sette interfaces are of the same type, from
tape.

The programming itself will also be

easier, since—assuming that your pro-
grams are in machine language and not in
BASIC—you will be able to use an
assembler, making your work go more
quickly and also making it easier to follow
the flow of the program.

Programming

As you may have gathered by now, it
would be impossible to present computer
programs for robot-control, there being
so many variables involved.

If you are working with an external
computer, you will probably want to work
in BASIC or another high-level language,
using the ouT command, or its equiva-
lent, to transfer data to the robot,

As mentioned above, the on-board
computer will almost certainly have to be
programmed in machine language. It's
more difficult to work with than BASIC,
but it does have advantages. Programs
take up much less memory space, and also
run more efficiently. You may even want
to write your “big-computer’” programs
entirely in machine language through the
use of an assembler.

This section has of necessity, been
sketchy: after all, even books on the sub-
ject have not been able to cover the mat-

ter completely.

If you are going to use a computer with
your robot, we recommend that you do as
much supplementary reading as you can.
Personal-computer magazines such as
Byte magazine and Interface Age have
had special issues dealing with robots,
and the subject comes up frequently there
and in other computer publications. An-
other good source of information that is
often overlooked is your local library.

Todd Loofbourrow’s book, How (o
Build a Computer-Controlled Robot
(Hayden Publishing Company) contains
a number of robot-control programs writ-
ten for the KIM-1 (or SYM-1I) as well as
a number of more generalized flowcharts.
Much of the information presented there
may be adaptable to your robot.

A very good—although rather techni-
cal—article on “An Interactive Program-
ming Language for Control of Robots™
by Li Chen Wang appeared in the Sep-
tember 1977 issue of Dr. Dobb’s Journal
of Computer Calisthenics & Orthodon-
tia. It involves a robotic simulation on a
computer’s video display and its princi-
ples could be adapted to control a “flesh-
and-blood™ robot. (That issue, ¥ 18, Vol-
ume II, No. 8, is available in limited
quantities from: Dr. Dobb’s Journal,
1263 El Camino Real, Box E, Menlo
Park, CA 94025 for $2.50, postpaid, sec-
ond class.) It's worth looking into for
readers already familiar with computer
programming.

In the next part of the Unicorn-1 series
we will take a look at sensors. We will
discuss sensors in general, and show you
some specific examples that can allow
your robot—and the computer that con-
trols it—to respond to the world around
it.

We would like to hear about how
you're doing with your version of Uni-
corn-1. Write (and send photographs) to:
ROBOT UPDATE, Radio-Electronics,
200 Park Avenue South, New York, NY
10003. R-E

“Charlie’s OK at fixing computers. He
seldom does any damage that an elec-
tronic technician can't repair.”

L86L AYIN

o
o



Part 11— The better your robot can

respond to the world around it,

the more useful it will be. Here are

iwo sensors that will enable

the robot to ‘“‘see’’ and “‘feel”” objects

that are in its vicinity.

UP UNTIL THIS POINT, ANY REACTION THAT
the robot has shown to events happening
around it have actually been those of its
operator. Radio- or computer-control has
been possible only to the extent that the
operator could observe the robol’s envi-
ronment and make the robot react to it.
And, even operating in that way, there
has been the danger that the robot could
“stumble’ into something that could not
be seen by the operator.

In this installment of the Unicorn-|
series we'll describe two types of sensors
that will enable the robot to detect
objects in its immediate vicinity and to
reacl Lo them.

The first is a contact-type sensor thal
will give the robot a limited sense of
*feel” and allow it to know when 1t has
bumped into something.

There are times, though, when it would
be better for the robot to be able to sense
~ when it was about to bump info some-
thing—running into brick walls is one
thing; running into people. another!

The second sensor, then, will be of the
proximity-type, giving the robot a rather
restricted sort of “vision.”

Cuniaut sensor

~ The robot should be equipped with two

contact-sensors—front and rear. They are
extremely simple in design, as can be seen
from Fig. 86, consisting of lever-actuated
switches that are connected to rods pro-
jecting from the mobility base, Note that
the rear sensor-rod is about twice as long
as the one for the front sensor. This com-

pensates for the fact that the large driven:

wheels of the mobility base may project
behind it and, naturally, we want the sen-
sor to come into contact with an obstacle
before any part of the robot does.

The sensor rods are made from pieces
of wire coat hanger, with the paint or lac-
quer removed to permit good solder
joints. Fhe front rod is about 1'/:-inches
long and the rear rod about twice that
length. The compression springs can be
“liberated” from dried out ball-point
pens. The springs are held in place by
4-40 washers soldered to the rods.

A 4-40 cap nut (the kind with a
rounded end) can be soldered to the end
of each rod to prevent it from scraping or
impaling whatever it may come inlo con-
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tact with. Better protection can be pro-
vided by applying a liberal amount of sili-
cone sealant to the cap nut to provide a
soft, protective surface.

Even better, a small bumper, with a
soft covering made from a piece of foam
rubber or inner tube, can be constructed
and affixed to the end of the sensor rod.

The bushings that fit into the mobility
base and allow the sensor rods to move in
and out are nothing more than 10-32 X
'/« machine screws that have been drilled
out with a No. 42 drill bit (use a drill
press and vise, il you possibly can) and
had their heads filed fat to remove the
screwdriver slot. Leave enough head,
though, to hold the screw in place. Use
10-32 nuts to secure the bushings to the
mobility base.

A helpful hint: Fig. 86 shows a hall-
inch brass washer soldered to the *inside™
end of each sensor rod. (The washers are
especially necessary if more than one
switch is used for each sensor—see be-
low.) Those washers should be the last
part to be attached. '

The end-nut (or bumper), spring and
4-40 spring-stop-washer should be at-
tached to the rod first, and the unit
inserted into the bushing. Then, using a

wooden block to compress the assembly,
and holding the brass washer with a pair
of pliers, solder the washer to the end of
the rod. Doing this will prevent your get-

. ling your fingers burned.

The brackets for the switches can be
made from almost any material at hand—
metal, plastic, or wood. They support the
switches in the proper position and, if two
switches are mounted side-by-side, allow
the brass washer to contact both switch-
levers at the same time.

The original Unicorn-1 used brackets
made from scraps of 1'4 X 1'/2 X .0625-
inch aluminum, bent as shown in Fig. 86,

“and drilled to accept two 4-40 mounting

screws. The section that fits flush with
the mobility base need be no larger than
Ve-inch il 4-40 hardware is used but
should be at least “/-inch long for 6-32
hardware.

If the mounting holes in the switches
are too small for 4-40 hardware, they can
be enlarged with a No. 33 drill bit. Be
sure 1o use a vise and to use either a hand
drill or a very slow electric drill to pre-
vent damage to the plastic switch case.

The completed front and rear contact-
sensor assemblies are shown in Fig. 87. If
larger switches are used, mounting brack-
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COMPRESSION SPRING

The distance between the transmitter
and the detector, and the angle they form,
will determine the distance, D, from the
robot that the object can be sensed. The
transmitter and detector must be aimed
inward at equal angles for accuracy. (Re-
member that “the angle of reflection
r/,.mwﬁ.sﬁeﬂ equals the angle of incidence;” and, the

larger the angle, the farther away—up to
PANLENLE about 20 inches in this case—an object
can be detected.)

10-32 MACHINE SCREW - .375 LONG Using infrared light means that the
DRILLED THROUGH WITH NO 42 DRILL system can be used under almost any

lighting conditions since the infrared de-

CONTACTOR ROD ~ 1.50 OR 3.0 INCH SECTION tector is not very sensitive to visible light.
ggﬂ#f’ﬁlﬁ]“m RE For that matter, the robot could even

REAR - 3.00 detect obstacles in the dark—it carries its

own “‘flashlight.”
Figure 89 shows the infrared-projector

4 assembly used on Unicorn-1. When used

MOBILITY BASE FRONT OR REAR PANEL

with a lens, the 2174D infrared lamp gen-
erates a beam that is usable to a distance
of about 20 inches.

The dimensions shown for the lens

-— (25 tube are only approximate, since there are

ALL DIMENSIONS IN INCHES () 50 01A. BRASS OR STEEL WASHER so many variables (lens type, detection
W AKE WO BRACKETEROM distance required, etc.) involved. The best
0.0625 X 150 ALUMINUM SHEET way to find the dimensions you will need
FIG. B6—CONTACT SENSOR tells the robot when it has bumped into something. Cap nut at end of is to set up the lamp in its housing at one
rod should be provided with cushioning material (see text). end of a ruler and to move the lens back

ets may not be necesary since the switch-
es can be mounted directly on the bottom
plate of the mobility base.

Connection of the switches will be dis-
cussed later.

Proximity sensor

While the contact-type sensor de-
scribed above is extremely useful, there
are times when it could prove embarass-
ing (or worse) to have the robot collide
with something. It would be better if it

FIG. 87—COMPLETED CONTACT SENSORS
used in original Unicorn-1. In this case, dual
swilch-assemblies were used.

could sense the proximity (nearness) of
an object and either stop or, if under com-
puter control, take evasive action.

Figure 88 shows how an infrared-light-
type proximity sensor would work. The
transmitter, mounted on the robot’s right
side and angled slightly inward, projects a
beam of infrared light that will be
reflected by a nearby object to the infra-
red detector, mounted on the robot’s left
side and also angled toward the target.

and forth until you can see the beam
focused into a spot on a screen or sheet of
paper placed at distance D—your target

OBSTACLE ;f \ distance. Don’t forget that D is measured
3 \ from the front of the robot, and not from
’ * | the transmitter (or receiver).
A Dot} Note the distance between the lens and
DETECTOR / L :
TRANSMITTER the aperture of the transmitter assembly

and make the lens tube that length. Criti-
cal adjustments can be made later by
adjusting the position of the lamp housing

NOTE: ANGLE A MUST EQUAL ANGLE 8 slightly. The final assembly step, before

TECTOR are mounted on sides of robot’s body glue the lens in place in the tube using

or dome. Angle A must be equal to angle B. either epoxy or lens cement. Take care

R
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NOTES:
IR LAMP TYPE 21740 OR EQUIV.
IR LAMP HOUSING — 500 DIA. ALUM, ROD

@ 875 DIA. ALUM. INSERT - 1.D. 502
LENGTH 625

LENS TUBE — 1.0 DIA., .0625 WALL — ALUM.
TUBE |

(E) LENS, DOUBLE CONVEX, FOCAL LENGTH
48mm TO 55mm, DIA. 18mm TO 22mm
(F) ALL DIMENSIONS IN INCHES EXCEPT FOR LENS

FIG. 89—INFRARED LAMP HOUSING can be held in position in lens tube by set screw, once proper
position has been determined.



Description or
quantity

5-inch aluminum
rod & washer

aluminum tubing,
1-inch O.D. X 2
inches long

double-convex, 20-
30mm focal
length, diam. to
fit lens tube

1($2.50 + $1.50
S&H if total or-
der less than
$15.00)

68 ohms, “>-watt

22,000 ohms, Ya-
watt

10,000 ohms, Y-
watt

4700 ohms, "4-watt
7404 hex inverter

2N2222 or equiva-
lent

FPT-100 or equiva-
lent (Radio
Shack 276-130)

1N5227 3.6-volt
Zener diode

1N5231 5.1-volt
Zener diode

1N4001, 50PIV, 1-
amp diode

5-volt DPDT DIP

hardware store

L

Edmund Scientific

Hal-Tronix
P.O. Box 1101
Southgate, MI
48195

relay (Radio
Shack 275-215
or equivalent)

PARTS LIST—CONTACT SENSORS
Item
Description or
Item quantity Source RECEIVER:
Contact rod 1.5 inches coat-hanger wire Sensor housing
& inchos Lens tube
Mobility-base 10—32 X % flat-
bushing head screw, (2) |hardware store
A 10-32 nut (2) - Lens & lens ce-
Cap nut 4-40 (2) f ment
Compression .125 1.D., 1inch
sprin long (2 ball point pen
pring g(2) point p PC board
Washer 4-40 steel (2) hardware store
g" .5-inch brass (2) K
Lever-type switch |2 or 4 Radio Shack (cata-
log No. 275-018) R1
or equivalent R2
Switch bracket 1.5 X 1.5 X .0625 |scrap or hardware
aluminum (2) store R3
R4
PARTS LIST—PROXIMITY SENSOR C1
Description or Q1
Item quantity Source
TRANSMITTER: Q2
Infrared lamp 2174D, 12-volts electronic-supply
house
Lamp housing .5-inch aluminum | hardware store D1
rod
Lens tube aluminum tubing, D2
1-inch O.D. X
2.25 inches long # D3
Lens & lens ce- double-convex, 48- | Edmund Scientific
ment 55mm focal 101 E. Gloucester RY 1
length, diam. to Pike
fit lens tube Barrington, NJ
08007
not to get any of the adhesive on the lens. v Y [l i
The completed transmitter assembly is MELY NOTES-— |=+— .ejs —
shown in Fig. 90. oR EQurv. LE?

A diagram of the infrared-receiver as-
sembly is shown in Fig. 91. As in the case
with the transmitter, the dimensions are
approximate. To determine the final di-
mensions, a method similar to the one
outlined above is used.

First, cover the aperture of the detector
housing with a translucent material, such
as Scotch brand Magic Tape, to make a
focusing screen. Attach the detector
housing to a ruler and aim the ruler at a
white or light gray surface placed at dis-
tance D. When making your final calcula-
tions, don’t forget about the angles in-
volved! Move the lens back and forth
along the ruler until a sharply defined
spot is seen on the focusing screen. T'he
distance between the lens and the end of
the detector housing will determine the
length of the lens tube.

As in the case of the projector, cement
the lens to the focusing tube and perform
the critical focusing adjustment with the
detector housing.

In performing these measurements, the

FIG. 90—UNICORN-1's infrared transmitter.
Note insulating sleeve for lamp.

projector and receiver assemblies should
be placed in the positions they will occupy
when mounted on the robot, and be angled
accordingly. If this is not done, the results
of the measurements will be invalid.

Receiver circuit

Both the transmitter and receiver can
be operated from the robot’s 12-volt pow-
er supply. A schematic for the receiver is
shown in Fig. 92 (and the foil pattern and

parts-placement diagram in Figs. 93 and
94, respectively).

The heart of the receiver is an FPT-100
infrared phototransistor (Radio Shack
part No. 276-130 1s an acceptable substi-
tute). lts collector is connected to the 12-
volt supply through a 10K load resistor,
R3. The collector is also connected to pin
] of IC1 through a 22K series resistor and
through a 1N5227 3.6-volt Zener dioide
(D1). That keeps pin 1 at a logic *“high™
when the detector is receiving no input.

The IC supply voltage of 5.1 volts is
provided by D2, a 1N5231 Zener diode.
This diode also provides the coil-voltage
for RY1, a DIP relay of the same type
used on the relay board described in Part
7 of this series. The circuit operates as
follows:

When the infrared sensor, Q2, is at the
optimum distance from a reflective obsta-
cle, the reflected infrared light is at a
maximum. The sensor is biased into a
state of saturation and its collector volt-
age drops to zero. The 3.6-volts present at
pin 1 of ICI] also drops to zero, causing
the output at pin 2 to go from 3.6- to five
volts (logic **high™). This biases transis-
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1N4001 :}
T4 1 nHz 1 gm =
Ao (81 < el TR
(5.1V ZENER)
Ic1 . ot
az | FPT-100 A2 1I/ 2 B 2N2222
AWl 22K 1 c
B 1/6 7404
1N5227
& (3.6V ZENER)
4

il

FIG. 92—INFRARED-DETECTOR circuit is simple enough to be buiit on perforated construction

board.

tor Q1, a 2N2222, into saturation, caus-
ing current to flow through the coil of the
relay and opening the relay’s normally-
closed contacts, thereby cutting off power
to the appropriate control circuitry.

Connection to robot

Depending on how advanced your own
robot is, the signals provided by the sen-
sor circuitry can be used in several ways.

If the robot is still operating at the end
of a “tether,” the contact-sensor switches
and the proximity-sensor relay can simply
be connected in series with the motor cir-
cuits (like the limit switches) and used to
cut power to the motors when an obstacle
is detected. This is why you might wish to
use two switches each for the front and
rear contact-sensors—one switch can
control the right-hand wheel, and one the
left-hand one. Unused switch or relay

contacts can be used to actuate the
robot’s horn (or some other audible or
visible signaling device) to alert you that
it has run into difficulties. Without logic
circuits, there’s not much more that can
be done at this stage.

If the robot is using radio- or comput-
er-control, the output of the detectors can
be connected to the appropriate “drop-
dead™ sections of the latch board (see
Part 9) to achieve the same results.

Finally, if you are using a computer, a
program can be written to make use of
the “drop-dead’ signal. For example, the
computer could be programmed to re-
spond to that signal and make the robot
back up a bit, make a 45-degree turn, and
check again for an obstacle. If none were
present, it could continue its travel. And
that just scratches the surface of the
responses that could be programmed.

We've been receiving a lot of corre-
spondence from readers who are
building—or contemplating build-
ing—their own versions of Unicorn-1.
We'd like to see more, along with nice
sharp photographs, so we can publish a
segment showing off those robots and
presenting some of the innovations
that you've come up with. Write to
Radio-Electronics, 200 Park Avenue
South, New York, NY 10003 and
mark your envelope “ROBOT UP-
DATE.”

|-(—'1 /2 INCHES —)-|

FIG. 93—YOU CAN ETCH detector board your-
self from this pattern. Ready-made boards are
also available (see partis list).

TO
MOTOR
CONTROL
CIRCUITRY

FIG. 94—DETECTOR BOARD is connected to
FPT-100 sensor by 18-inch leads. See text for
motor-control connections.

The rest is up to you, for this is the end
of the Unicorn-1 series. We've shown you
how to build a working robot, and how to
enhance it with radio- and computer-con-
trol. As you continue to work with your
robot you'll find its capabilities limited
only by your imagination and resources.

Those of you who have built your own
robots can take pleasure in knowing that
you are advancing the science of robotics.
In the near future, much of the hazardous
and tedious work now performed by
humans will be carried out by robots.

Even now we are secing robots explore
parts of the solar system that man will not
visit in person for tens—or hundreds—of
years. Enormous progress is being made
In creating robots to serve in areas where
man'’s help 1s either unnecessary or im-
possible to provide. What will be your
contribution to the age of robotics? R-E
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