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Mounting the axle
The axle is an IS-inch long , Y2-inch

diameter steel rod . The rod is modified by
drilling a small hole Y4-inch from each
end. Once the wheel/axle assembly is
complete, a cotter pin is placed through
each hole to keep everything in place.

The axle is mounted to the lower clam
shell with a I-IY2-inch U'-bolt. See Fig. S.
A hardwood or a hard-rubber block is
shaped to fit inside the Ll-bolt. A Y2-inch
hole then is drilled in the block to accept
the axle. The centerline of that hole
should be placed so that the robot's body
sits level when the rear caster is attached .
The dimension in our case was Y4-inch
below the lower body. The V-bolt is
placed around the block and inserted into
two holes drilled into the lower clamshell
just behind the forward bulkhead. To
achieve maximum stability, it is important

A cutting and bending guide for the end
covers is shown in Fig. 4. As with the
bulkheads, the comers must be notched as
shown. The front end-cover will be used
to mount the robotic arm assembly. The
rear end -cover is optional and sho uld not
be used with the specified motors (more
on those in a moment) unless plenty of
ventilation holes are provided. The end
covers are mounted to the body during the
last step of assembly using sheet-metal
screws.

This month, we show you how to build
the robot's body. We'll also

tell-yo-=-u---=-about an updated drive system
that will dramatically increase

the robot's hauling power.

The two halves of the clamshell body
are joined with the internal bulkheads. A
cutting and bending guide for the
bulkheads is shown in Fig. 3. Because of
the thickness of the aluminum used, the
notching shown at the four comers is re
quired to allow the bulkheads to seat cor
rectly inside the upper and lower
clamshells . Form one bulkhead with left
hand bends; the other is formed with
right-hand bends.

The bulkheads are the major strength
ening component in the robot's chassis.
When assembled, the resulting chassis is
strong enough to carry a person without
flexing, yet it weighs less than ten pounds .
Further, the forward bulkhead serves as
the mounting surface for the electronics
package; the rear bulkhead holds the
motors in their own compartment.

The four body components are fastened
together with 6-32 x 3Js-inch machine
screws . The holes are drilled in the outer
shell, then each bulkhead is clamped in
place and the bulkhead is drilled using the
outside hole as a centering hole . Several
precautions must be observed . First , se
curely clamp the bulkhead in place so that
it cannot move during the drilling process .
Second, ensure that the bottom of the
bulkhead is in direct and flat contact with
the bottom of the bottom clamshell.
Third, use a carpenters square to ensure
that the chassis is assembled squarely.
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Body construction
Our base-unit design is easy to man

ufacture and assemble. It consists of a
" unitized-construction" body that is
composed of four pieces of 0.090-inch
50SIT-6 or 606ST-6 aluminium, plus two
end caps (one of which is optional)
formed from the same material. See Fig.
1. A chassis fabricated from SOS IT-6 alu
minum is availab le from Vesta Tech
nology (see Sources Box); contact them
directly for pricing and other details.

The upper and lower clamshells are
formed from identical pieces of alumi
num. See Fig. 2-a. Once the pieces are
cut, they are bent as shown in Fig. 2-b to
form a channel. Make the 90° bends using
a O.IS-inch radius to prevent cracking the
aluminum . Note that while Fig . 2-b shows
right-hand bends , one of the pieces re
quires left-hand bends if the body clam
shell is to fit together.

Part 4 ONCE THE DESIGN PRO

cess is complete, it is
time to begin building your robot. This
month, we will start by showing you how
to build the base unit that we designed .
Remember that the procedures, dimen
sions, etc . will vary if you chose to use a
different design .
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FIG. 2-USE THIS GUIDE to cut, drill and bend the cl amshell s. Cutting and drilli ng information is
provided in a; bending dimensions are shown in b.

FIG. 1-THE RaBaT'S BODY consists of two "clamshells" joined together by two bulkheads. The
bulkheads are the major strengthening component of the assembly.
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Sources

Can you imagine what a robot wecould
build with a staff of 250,000 (the entire
readership of Radio-Electronics)? One
key to the success of the R-E Robot is the
collective development capability of that
readership. In an effort to encourage the
exchange of software, sources of parts,
hardware enhancements, and any other
items of general interest, Radio-Elec
tron ics will open a special section of its
new remote bulletin-board system (RE·
BBS) to builders of the R·E Robot. You
can reach the bulletin board by calling
516-293-2283.

Tohelpsimplify the mechanicalaspects
of building the robot, Vesta Technology
(7100 W.44th Avenue. Suite 101 , Wheat
ridge, CO 80033, 303-422-8088) will offer
an aluminum chassis similar to the one
discussed in these articles. Vesta also will
offer the RPC, its PC board, and the
source code for testing the robot and im
plementing the RCL. Forpricing andavail
ability information, contact Vesta Tech
nology directly. Complete construction
details for the RPC, inClUding schematics
and PC board patterns, will be presented
in a future installment of this series.

A complete description of a modified
drive-train system for the robot is shown
this month. For those that have diffiCUlty
finding appropriate drive-t rain compo
nents for the robot,a goodsource is Stock
Drive Products (55 S. Denton Ave, New
Hyde Park, NY 11 040, 516-328-0200).
Contact them directly for pricing and avail
ability information.

Additional sources for various SUb-sys
tems and parts for the robot will be
provided as appropriate in future install
ments of this article. R-E

number 51354 . Contact the company di
rectl y for cost , shipping charges, or other
information.

The tires are assembled with 4 bolt s
holding the two wheel halves together.
That provides us wi th a convenient means
of mounting the pulleys . Replace two of
the bolts with 5116- x 1Y2-inc h machine
bolts . Be sure that the bol ts protrude
through the side opposite the ti re's air
valve. Re-establis h the force on the wheel
by installing a nut and lock washer as
shown in Fig . 6. Then usin g the wheel/
machine-bolt assembly as a guide, dri ll
5116-inch holes in two spokes of the pulley.
If the center hubs of the wheel and the
pulley are ali gned properly, those holes
should be 1.41 inches fro m the pulley 's
center hub. To ensure proper alignment,
use the axle as a guide . Install the pulley
on the wheel using nuts. Do not over tig ht
en the nuts or you may crack the pulley
spokes. Once the pulley is install ed, re
check the alignment of the center hubs to
be sure that there will be no fri ction on the

All DIMENSIONS IN INCHES

Wheel assembly
A diagram of our wheel assembly is

shown in Fig. 6. The tires are 10. 5- x 4
inch go-kart tires wi th Y2-inch ball bear
ings. Those tires allow the robot to navi 
gate rough terrain, l ike shag carpets. They
are avai lable from SpadeI Ti re and Wheel
(2440 S. Tejon St., Eng lewood, CO
80 110, phone: 303-935-1972); ask for part
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to keep the forward axle as far forward as
possible without inter fering with the elec
tron ics compartment.

The U-bolt approach is only one possi
ble solution to the probl em of fastenin g
the axle to the chassis. A nother approach
is to use a piece of angle materi al at least
1.5-inches long, drilled to accept the 0.5
inch axle .
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The single rear caster is located on the
centerl ine of the robot, as close to the rear
edge as possible to obtain the longest
wheelbase . However, if the robot is going
to carry heavy loads, such as a person,
another scheme must be used to prevent
flexing . One alternat ive would be to locate
the caster under the rear bulkhead; an
other would be to U8e two casters, each
located at one edge of the body.

ALL DIMENSIONS IN INCHES

MANUFACTURING SPECIFICATIONS
ALUMINUM: .090 5061-16
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Finish

The outer clamshells cap be anodized
for a hard , insulating finish in the color of
your choice . Anodizing the robot' s body
should cost about $50, provided that you
can find someo ne willing to do such a
small job.

Alternately, if you carefully degrease
the aluminum with turpentine or another
solvent, paint will produce an excellent

__ finish. Careful spray painting, will pro-
FIG. 3-THE BULKHEADS must be notched as shown if they are to fit squarely within the clamshell duce a finish that 's as smooth that as pro-
body. duced by anodizing. An added advantage

is that the finish can easily be touched up
as needed . However, don 't paint the unit
until all systems have been completely
tested . Otherwise the finish will undoubt
edly be scra tched durin g the assembl y/
disassembly procedures that go hand-in
hand with testing and trouble shoot ing .

MANUFACTURING SPECIFICATIONS

ALUMINUM: .090 5051T-6
BR : .187
BD : .204

SHEAR: 10.272 x 11.980

FIG. 4-CUTTING AND BENDING GUIDE for the end covers. Due to the thickness of the aluminum
used, the covers must also be notched for proper f it.

Wiring channels
The wires that interconnect the elec

tronics package, motors, shaft encoders,
batteries, etc ., are run along the bottom of
the chassis. To prevent coupling between
the motor-dri ve lines and the shaft en
coder lines, those wires must be phys
ically separated as much as possible .

To facilitate that separation, a l-inch
diameter hole or cutout is made in the left
and right lower corne rs of both bulkheads.
Later, when you wire the robot , motor
control, battery, and common lines should
be bundled and passed through either the
left or the right set of holes. The shaft
encoder lines (and any other signal lines
your design might ca ll for) should be
bundled and passed through the other set
of holes. Be sure to select heavy-gauge
wire for the power leads.

FIG. 5-USE THIS SIMPLE SCHEME to mount the wheel axle on the robot's body. Other schemes can
also be used with sat isfactory resu lts .
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axle when the wheel turns . A photograph
of the assembly is shown in Fig . 7 .

BACKING PLATE

t
BOnOM OF

LOWER
CLAMSHELL

HARD WOOD OR
RUBBER

The rear caster is a 5-inch diameter
hard-rubber unit on a ball-bearing swive l.

Battery compartment
The battery compartment is accessed

by removi ng the upp er clam shell. To
make installation and replacement of the
two 12-volt utility batteries easier, a bat
tery holder similar to the one shown in
Fig. 8 should be built. The battery holder
is a wooden platform that is cut so that it
fits snugly within the battery compart
ment. The end pieces are then attached
securely using nails or glue . Those end
pieces hold the batteries in place by fric
tion . To make installing and removing the
platform easier, handle s should be made
by drill ing holes in the end pieces through
which short lengths of nylon cord are
looped. Cushion the batteries and plat-
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FIG. 6-THE WHEEL AND PULLEY are bolted together and mounted on the wheel axle . The assembly
is held in place with a cotter pin.

Motors
When we started the design of the drive

train, our expected power requirements
were calcul ated at 1/20 HP. It soon be
came evident, however, that there were
many useful tasks that the robot could not
perform witho ut more power. Con 
sequently, we had a special motor de-
signed for our robot. --

Our aim, as always , was to obtain max
imum utili ty at minimum cost. That aim
was achieved. The motors deliver V4 HP
with a stall torque of 2.5 foot-pounds.
With such a motor, the robot is capable of
carrying a ISO-pound load , while towing
another ISO-pound load ! The cost was a
relatively modest $65 each, plu s ship
ping. To aid readers , Vesta Technology
(see Sources box for addre ss) will collect
orders (prepaid only) and have the motors
made . When they 're ready, the motors
will be shipped and shipping charges will
be invoiced .

The two motors are mounted in the

If you plan on having the unit carry par
ticularly heavy loads, or to be in motion
for extended per iods of time , we suggest
that those transistors be mounted on the
bulkhead instead , using TO-3 sockets and
insulators . Dri ll two TO-3 footprints near
the top edge of the bulkhead . Mount the
sockets under the control board so that
they are in the electronics co mpartment,
and the transistors , when installed , are in
the battery compartment. The sockets are
then wired to the appropriate point s on the
control board.
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fl. -INCH x 2y,.. INCH
MACHINE BOLT

FORWARD
BULKHEAD

RPC is stacked on top of the control board
using I-inch hinged standoffs. We located
the hinge at the top edge rather than the
bottom edge of the board . Although that
requires a considera ble amount of slack in
the connecting wires , hinging the board
makes testing and troubleshooting much
easier.

a-INCH V-BO LT----.. ___
PUlLEY

LOAO WASHER

FIG. 7-IF BOLTED TOGETHER PROPERLY,the
whee l and pulley assembly will resemble the
one shown here.

FIG. 8-USING A BATTERY HOLDER will make install ing and removing the batteries eas ier.

lower half of the rear compartment as
shown in Fig. 10. Mount ing them there
allows the upper clamshell to be removed
without also removing the moto rs. Due to
the length of the motors , they are offset ,
with one motor mounted higher than the

form by placing about two inches of pack
ing material in the bottom of the battery
compartment.

Electronics compartment
We'll deal with the robot 's electronics

(control board , RPC , etc .) in depth in
future installments. Full details , includ 
ing schematics , foil patterns, construction
details, and more will be presented then.
However, in designin g and buildin g your
robot's body, it would be useful to have
some idea of how the boards are mounted .
Here, we 'll see how the control board and
RPC are installed in our version of the
robot.

The electronics are located within the
forward compartment and are mounted on
the forward bulkh ead , as shown in Fig . 9 .
We mounted the control board on the
bulkhead using %-inch by 6-32 standoffs
(the height is not critical , however). The

BATTERY

The cont rol board 's foil pattern (which,
once aga in, will be presented in a future
inst allment) co ntains pr ovi s ion s for
mount ing two power transistors used to
control drive-motor operation. However,
the heatsinking on the board is minimal.

BATTERY REAR
BULKHEAD

I-INCH x
2-INCH BLOCK

* -INCH
PLYWOOD

PACKING MATERIAL
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other, as shown in the figure . The moun t
ing and drive -shaft holes must be drilled
through both the rear bulkhead and the
clamshe ll. The drive-shaft diameter is 5116
inch. Use a piece of scrap aluminum or
PC-board materia l to crea te a dri lling tem
plate for the motor-mounting holes . The
template is used to mark the positions for
the holes on the robo t's body.

FIG. 11-UPDATED DRIVE SYS'I EM. The motors are linked to a jackshaft via a ladder chain. The
jackshaft will be linked to the wheels, when installed, via a V-belt.
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FIG. 9-THE CONTROLLER BOARD and the
RPC are stacked and mounted on the forward
bulkhead.

FIG. 1Q-THE MOTORS ARE MOUNTED in the
lower half of the rear compartment. Because of
their length, they must be staggered as shown.

Drive-train update
The original drive train used a Y2-inch

V-belt pulley to link the motor and the
wheels direct ly. That arrangement did not
provide sufficient pulling force . Ideally,
the 4: I reduction of that arrangement
would have provided about S foot-pounds
of torque at the wheel. Of course, the
actual torque provided would be less.

We have designed a new speed-reduc
ing system that provides a 12:I reduct ion
ratio . That results in a calculated torque at
the wheel of 24 foot-pounds. (Of course,
once agai n, the acuta l torque del ivered
will be somewhat less.) Our test system
achieved a top speed of four miles per
hour when connec ted to a single 12-volt
battery. With a ISO-pound payload , the
system reached a spee d of about two miles

y." DIA DRILL.y." DEEP
TO REC ESS 6-32
SCREW HEADS

BELOW FACE
6-32 TAPPED HOLE
DRILL DIAMETER

0.106"

48TOOTH SPROCKET,
DRILLED TO FIT

¥a" BOREJACK SHAFT

FIG. 12-JACKSHAFT DETAILS. Be sure that the
unit is assembled so tha t the chain and the
pulley are as close as possible.

per hour over a deep carpet. When con
nected to 24 volts, speed increases of
about 50% are expec ted.

The modified reduction system is
shown in Fig. II. An IS-tooth sprocket is
mounted on each motor. The sprocket
bore must be dri lled out to matc h the
motor 's 5116-inch drive shaft.

The motor sprocket is linked to a jack
shaft assembly via a chain drive. The de
tails of the jackshaft are shown in Fig. 12.
A 2-inch V-belt pulley is drill ed to acco m
modate two 6-32 screws . A 4S-tooth

sprocket is drilled for a Vg-inch bore. Tem
porarily moun t the 4S-tooth sprocke t and
the 2-inch pulley on a Vg-inch bolt and
drill the sprocket to match the hole pattern
on the pulley. Tap the pulley holes and bolt
the pulley and the sprocket together so
that whe n the jackshaft is assembled there
will be a minimu m dista nce between the
sprocket and the V belt.

A 3jg x 2.S-inch cap bolt is used as the
jackshaft axle . The pull ey/sprocket as
sembly slides onto the bolt in such a way
that when the jackshaft is mounted on the
robot, the pulley will be on the outside
and the sprocket will be on the inside .
Using a 37-inch V belt to link the jack
shaft to the robo t's whee ls, determine the
proper mounting point on the robot's body
by observing the tens ion on the belt . Drill
the robot's body and mount the jackshaft
using nuts and washers as shown. Link the
sprocket on th e j ack sh aft wi th th e
sprocket on the motor using an appropri
ate length of V4-inch ladder chain. Finish
up by removing the set screws from the
pulley and sprocket hubs (typica lly, those
are supp lied with such screws installed)
and place a few drops of oil on each jack
shaft for lubrication .

Before we finish up, let 's pass along a
word of caution. Although we have not
reached the point in our series of articles
where the motor contro llers are driving
our robot , the robot is now at a stage
where it cou ld be energized . Do not do
so! Even at four miles-per-hour, a runaway
robot could cause considerable damage.
Do not energize the robot until the motor
contro ller board is built , tested , and in
stalled. We will cover the con troller board
in depth, including schematics, PC pat
terns , etc. R-E




