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. pushyrobots

t is amazing how many people that
compete in robot sumo events for-
get about the main aspect of the
game — "pushing” your epponent out of
the sumo ring. Maost people try to use
good software, advanced sensors and
electronics, and decoys to win a con-
test. This does help make the robot look
really "smart,” but not better at pushing.
In the end, they usually lose to a robot
that has great pushing capabilities.

This article will explain how to
obtain the competitive advantage in
the pushing war against other robots.
Mim sumo robots will be used as the
primary example since there are thou-
sands of them competing across the
world.

But all of the information present-
ed here is applicable to all robot sumo
weight classes, Antweight {one pound
robots) combat robots, or any other
type of a robot that needs maximum
pushing capabilities.

Friction

The key to maximizing the pushing
capability ot a robot is friction.
Equation 1 shows a generalized equa-
tion that tells you ewverything that is
important about maximizing pushing

capabilities. The frnctional reaction
tarce, F, i5 also the maximum pushing
torce of the robot.

The coethicient of friction, g, is the
main topic of this article, and W is the
weight of the robot. Since the weight
of a robot is constant during a match,
the anly thing that can imprave the
pushing capability of the robot is to
increase the coefficient of friction
between the wheels and the sumo ring
{arena surface which i1s tormally called
a Dohyo). This equation shows that as
the coetficient of friction, W, increases,
the robot's maximum pushing torce, F,
Increases (assuming the motors dont
stall).

F=puW

The three primary types of friction
that have the greatest effect on the
overall pushing capability of the robot
are: Static, Kinetic, and
Malecular/Adhesion. Static friction s
what prevents objects from sliding
across a surface. Kinetic friction is what
resists an object when it is sliding
across a surface. For hard, non-
deformable objects, the static and
kinetic reaction forces are only a func-
tion of what the object's matenals are

made
from and
the normal forces
pressing the two objects together. In
this case, the weight, W, of the robot.
Since most tires are made from
same type of soft, comphant material,
molecular/adhesion friction properties
come into play. This is where the mate-
rial deforms into all of the microscopic
nooks and crannies in the surface, and
reguires more energy to be pulled out
of — or pulled across — those tiny sur-
face imperfections. One way to think of
it is that it takes more energy to move
a wheel over a rock/speed bump than
acrass a tlat  surtace. The
molecular/adhesion etfects occur at
the microscopic level where there are
millions of tiny speed bumps trying to
resist objects from shding across the
surface. Soft, compliant wheels take
advantage of this to improve the over-
all coefticient of the wheel's friction.
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One of the things that makes
malecularfadhesion friction different
from classical static and kinetic friction
15 that it is very dependent on the sur-
face areas that are in contact with each
other. The larger the contact surface
area, the greater the coetficient of fric-
tion. The molecular/adhesion coeffi-
cients of friction are extremely difficult
to calculate, so they are often found by

experiments and presented as a range
of values.

One of the easiest ways to meas-
ure the static coefficient of friction
{including molecular etfects) 1s to use a
scale (such as a ftishing scale) to
pull/ push the robot across a horizontal
surtace (see Figure 1). The highest
observed force — at the point when the
robot first starts to move — 15 used to

calculate the static coefficient of fric-
tion. From Equation 1, the static coeffi-
cient of friction can be determined by
dividing the measured force by the
weight of the robot.

The kinetic coefticient of friction is
found in a similar manner. For sumo
robots, there are actually two different
types of kinetic fnction. One is found
by measuring the force reguired to

TABLE 1. Coefficients of friction of various mini sumo wheels on a vinyl sumo surface.

Material Static Friction Kinetic Friction
Hard plastic (SumoBot wheel w/o rubber band) 0.39 0.11 — 0.17
Buna-N rubber (O-ring style wheel) 0.44 0.52 — 0.62
Rubber band on SumoBot wheel 0.73 0.51 — 0.85
Silicone rubber coated foam wheel 1.39 1.26 — 1.44
Cast polyurethane tire on SumoBot wheel 1.53 0.67 — 1.67
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slide the robot across a surface at a
slow constant speed. The other is to
hold the robot stationary, let the
wheels spin on the surface, and meas-
ure the robot's pulling force. The sec-
ond one actually gives more useful
information, since the robot will be
spinning its wheels during a contest.

When including the maolecular
effects in the kinetic coefficient of fric-
tion, there is usually a fairly large range
of values that are measured for a par-
ticular type of material. This is due to
the wibrating nature of soft materials
shding across a surface. The vibration is
due to the materials biting into each
other, then releasing, then biting, and
then releasing, and so on.

The release results in the tire
bouncing up in the air. The greater the
bounce height or vibration frequency,
the greater the drop in the pushing
farce (i.e., kinetic friction) that is meas-
ured. When a wheel is spinning on a
surface, it will experience the full range
of different kinetic friction values at any
given moment. This is one of the rea-
sons why a robot that is pushing well 15
suddenly pushed backwards, and then
regains the pushing advantage.

Table 1 shows a list of measured
static and kinetic coetficients of friction
for different types of mini sumo tires
on an official vinyl mini sumo ring sur-
face. The kinetic friction values were

e-3/4 DIAMETER
174 THICK

measured from pulling force when the
tires were spinning on the Dohyo. For
pushing purpases, the larger the fric-
tion coefficient, the greater the pusn-
ing capability of the robot. This table
shows that solid plastic tires are the
worst tires to use, and the best to use
are the cast polyurethane tires. Thaugh
the polyurethane wheels had the high-
est static coefficient of friction, they
also had the greatest range in the
kinetic friction coefficients. This shows
that this material could see large
momentary reductions in pushing

178 DIAMETER, 4 PLACES, EQUAL SPACED

capabilities when the wheels are chat-
tering across the surface of the Dohyo.

The silicone rubber coated and
£ast polyurethane wneeis are generaily
the best wheels to have on a sumo
robot, since they offer the best traction
over the other types of wheels. The fol-
lowing sections will describe how to
make silicone and polyurethane
wheels.

Silicone Coated Wheels

The easiest method to modify an

1 PART WITH HOLES, 1 PART WITHOUT HOLES

0.236 {&mm} DIAMETER
or 1/8 DIAMETER =

2-3/4 INTERNAL DIAMETER
3 OUTSIDE DIAMETER

MOLD ASSEMBLY
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existing wheel into a high traction
wheel is to coat the wheel surface with
silicone rubber. All that is required 15 a
tube of silicone rubber, such as the RTY
(Room Temperature Vulcanizing) sili-
cone rubber that is used to make gas-
ket seals for automotive engines. They
can be found at any store selling auto-
mative parts. Spread a small amount of
the silicone on a small flat stick such as
a popsicle stick, and then spread the sil-
icone on the surface ot the wheel. Only
a thin coating is needed. Do this in a
wellventilated area since fresh silicone
odor 5 noxious and wear rubber
gloves, since this can be very messy.
When the wheel 15 coated, place the
wheel on its flat side on an elevated
surface to dry. The elevated surface is
used to keep the fresh silicone from

touching another surface when drying.
Allow a minimum of 12 hours to dry.

Past experience has shown that a
mini sumo with silicone coated wheels
will out-push any mini sumo that is not
using any silicone or urethane
enhanced wheels. This is one of the
easiest things that you can do to
enhance your robot's pushing capabili-
ty. The finished wheels are generally
not pretty to look at, but when you are
winning, who cares,

Casting Urethane Tires

Casting your own tires 15 often a
challenging process, mainly because
there is very little information available
on how to do it. Table 1 showed that
tires made with a soft polyurethane

material yielded the highest coeffi-
cients of friction. Because of this, it is
the material of choice for the serious
caompetitor. Mold fabrication is one of
the trickiest parts of the tire casting
process. The shape of the tire 15 solely
dependent on the shape of the mold.
The mold needs to consist of several
parts, such as an internal wheel geom-
etry and external tire geometry. The
mold must be designed tor easy disas-
sembly so that the completed tire can
be removed without being damaged.
The maold must also have injecting
ports to allow the liquid casting materi-
al to be poured/injected in, and have
exhaust ports to allow the air inside the
mold to escape as it is being filled.
Getting the air out of the mold is often
the hardest part of the casting process.
Any air left inside the mold results in air
bubbles in the final tire.

There are many different ways to
make a mold and it's ditficult to say
which way 15 the best. Figure 4 shows
an example of how to make a mold for
casting tires on the Parallax SumoBot
wheels. This is a four-part mold. Three
of the parts are shown in Figure 4, and
the fourth part is the actual SumoBot
wheel [with the rubber bands
removed, of course).

The best matenal for this maold is
clear so that you can see if there are
any bubbles inside the mald. The four
1/8 inch diameter holes near the out-
side diameter of the 2-3/4 inch diame-
ter disk are only placed on one of the
two disks. These holes are for filling
and allowing air to escape as the mold
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5 being filled.

Prior to making the mold, you
need to decide how you want to center
the wheel inside the mold. This affects
the decision on whether to use a 0.236
nch diameter or an 1/8 inch diameter
hole in the center of the front mold
disk. | like to use the shatt from an old
servo to center the SumaBat wheel.

The spline end of the shaft is
pressed into the wheel, and the other
end fits inside the 0.236 inch diameter
hole. The other option is the use a 1/8
inch diameter hole instead of the 0.236
inch hole. Then a one inch long 4-40
screw s used to center the SumoBot
wheel inside the mold.

One advantage is that a nut can be
used to clamp the entire mold togeth-
er. Otherwise, an external clamp is
required to squeere the entire mold
together. The two 2-3/4 inch diameter
disks should fit snugly inside the tube
section, but loose enough to be easily
pushed out of the disk with the fingers.
The looser the fit, the greater the
amount of leakage that will occur
when the maold is tilled. Figure 5 shows
a photo of a completed maold with a
yellow wheel trom Acroname.

The most popular type of casting
material for the tires is the two-part lig-
uid (known as Part A and Part B)
polyurethane that is used for making

molds. There are many different types
that are designed to produce a certain
Shore A hardness rating in the fina
product. (Shore A is an industry stan-
dard for measuring the hardness of
rubber matenals.) The ditferent
polyurethane materials can have hard-
ness ranges from 10 to B0.

The smaller the number, the softer
the material. A Shore A hardness of 80
Is similar to a bowling ball, and a Shore
A of 10 is a soft, tlexible gummy mate-
rial. The softer the polyurethane
becomes, the higher the coefficient of
friction becomes, but it becomes easier
to stretch and tear. For mini sumo
wheels, a Shore A in the range of 20 to
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30 should be sufficient. Tires with hard-
rness values less than 20 may be diffi-

cult to keep on the wheel because they
will be very flexible.

The two compounds are mixed
tegether by weight, not by volume,
and they are very sensitive to the exact
mixing ratios. (Different products have
different mixing ratios that range from
1:1 up to 4:1.) One of the best meth-
ods for mixing the two compounds is
to use three disposable cups and a
scale. Pour a small amount of each
compound in two of the cups. Place
the third cup on the scale and then
zero the scale. Pour a certain amount
of one of the Parts in the cup on the
scale, say 25 grams if you are making
two of the wheels described here.
Make sure the volume is more than hall
the volume you are going to need to
make the tire.

Caleulate how much of the second
compound that will be needed, and
then pour it into the cup on the scale
until the total weight is achieved. The
Urethane RTV Mold Making Systemn,
Share A-30, fram Tap Plastics was used
in this example. This product is easy to
work with, and uses a 1:1 mixing ratio.
Slowly mix the two compounds togeth-
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er to prevent bubbles from forming in
the mixture.

Betore assembling the mold, spray
all of the mold surfaces with a mold
release compound, such as Polytek
POL-EASE 2300, so that the tire will
easily release from the mold, otherwise
the tire will be damaged when disas-
sembling the mold. If you want the tire
to stick to the wheel then do not spray
any mold release on the wheel's sur-
face. Place the wheel in the mold after
the mold release has been sprayed in
the mold. Then clamp the two surfaces
tightly together so that no casting
material can leak towards the center of
the wheel.

One of the best ways to fill this
mold is to use a bulk syringe to inject
the polyurethane into the mold. Hold
the maold vertical then inject the
polyurethane at the bottom of the
mold. Slowly fill the mold until the
polyurethane leaks out of all ot the air
holes {see Figure 7). Then rotate the
mold so that all of the air holes are
pointed vertically.

This is a very messy process, and
there is a good chance that the mold
will leak during the filling process. You
may have to continually add more

polyurethane to the mold until the
polyurethane sets up (starts to harden)
it the mold leaks. You have about 15
minutes to fill the mold from the time
the compounds are mixed. Otherwise,
the polyure-thane becomes too thick to
be useful.

After the mold 15 tilled, then let it
harden for at least 24 hours before
removing the tire from the mold. It
done properly, the tire should slip out
of the mold without any effort. It takes
about a week for polyurethane to fully
cure.

A successful casting process is a
tire that has no bubbles in it, which 15
very difficult to achieve. But some small
bubbles in the tires are okay to have.
The last step is to tnim off any excess
flashing and the spurs from the air and
fill holes. Figure 8 shows polyurethane
tires mounted on three ditferent col-
ored mini sumo wheels available from
Acroname.

Casting should be done in a well-
ventilated area, and you should wear
gloves since the liguid compounas are
respiratory and skin irritants. The lig-
uids smell bad during the mixing
process, but the final dry casting has
very little odor. Though the casting
process can be complcated, it will be
well worth the effort when you have a
superior pushing robot at your next
campetition.

One last comment on silicone coat-
ed and polyurethane tires — in arder for
them ta work at their maximum capa-
bility, they need to be clean. These
wheels will pick up every dust particle
in the world, and this will significantly
reduce the effectiveness ot these
wheels. It's best to bring cleaning
material to a contest, such as baby
wipes or facial wipes you get at barbe-
cue restaurants, to clean the tires
immediately prior to a match.

Maximizing Weight

The one thing that everyone
should do with their mini sumo robots
15 to make sure that they are at the
maximum weight of 500 grams.
Equation 1 showed a generalized equa-
tion that told you everything that is
important about traction. The equation
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also shows that as the weight of the
robot increases, the greater the push-
ing force becomes.

Maximizing the weight ot a mini
sumo robot is probably the easiest
thing you can do to improve your
robat's  pushing capability. The
SumoBot kit from Parallax only weighs
360 grams right after assembly (with
batteries), which is 140 grams less than
the maximum competition weight. A
lot of people build these kits and add
some really great software where it can
dance circles around apponents an the
sumo nng, but end up losing to a brain-
less bot all because the other robot
weighed 50 grams moare. This is ane of
the most frustrating things many new
mini sUmMo competitors experience.

The easiest way to solve a weight
shortage is to add some lead weights.
Lead i1s very dense, so it won't take up
a lot of space on your robot. Lead
weights can be obtained from lead fish-
ing weights found at your local sport-
ng goods store, or from an auto tire

Recommended
Casting Material

HTEEEES—S—S—S—S—S———————— @ @3
Synair, Inc., www.synair.com

Por-A-Mala 2020
Shore A-20

Tap Plastics, www.tapplastics.com
Urethane RTY Mold Making System

Shore 4-30

Folytek Development Corp., www.polytek.com
Poly 74-30 Clear, Shore A-30
POL-EASE 2300 Mold Release

Plastic Mold Materials:
Mchaster Carr, www.mcmaster.com
12" x 12" x 1/4" Polycarbonate sheet, P/N B574K28
3" 0.D. x 2-3/4" |.D. Polycarbonate tube, P/N 8585K21
30 cc regular tapered syringes, P/N 75104655

Mini Sumo Kit

Parallax, Inc., www.parallax.com

Alternative Mini Sumao Wheels
Acroname, Inc., www.acroname.com

Robot Sumo Rules
Marthwest Robot Sumo Tournament

Www.nwrst.com

store. Another good source is your
local hobby store. There they have
strips of lead with an adhesive backing
that is helptul for sticking on the bot-
tom af your robot.

When your robot is completed,
place the robot on a scale, and add the
lead weights to the scale until you
reach 500 grams. Then all you have to
do is find open places to place this lead
on your robot. The best place for the
lead is at the bottom of the robot and
more towards the front scoop of the
mini sumo robot (see Figure 9). You
want to keep the weight as close to the
ground as possible, to minimize the
chances of getting tipped over.

Bring a pair of wire cutters with
you when you go to weigh-in at a tour-
nament. Many times, the scales at the
tournament will read a different weight
than what you have at home._ If your
robot is a little over weight, then you
can use the wire cutters to trim off a lit-
tle bit of the lead weight to reduce the
overall weight of the robot.

By applying everything you learned
in this article to your mini suma robat,
3 kg sumo robot, and just about any
smaller combat robot, you will have a
robot that should have the competitive
pushing edge during any contest over
robots that are not using these
technigues.
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and 4.5" tall

- 4WD - 4 servo motors!

. Hﬂgqed_ construction

= High traction over carpet,
concrete, grass, and more!

* Nibbed rubber tires (2.5")

= Multiple 1/4" thick decks _ .

« Over 60 square inches
of mounting space

« Measures 6.75 x 5",

- Available in colors

« Add your own microcontroller,
sensors, video camera, GPS,
or other electronics

- Introductory price: just $79.95
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