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no maere. The other driver was
gracious enough not to getin a free
hit. | made sure to properly attach
both gearboxes to their mounts
before the second match. In LIFD's
previous match, their shell had been
dented inward fo the point that it
was irreparable and completely
prevented the weapon spin-up. The
team opted o replace their shell
with a large steel bar angled at the
fips. Shaka was able to drive fine

this fime, but due to the huge
twisting force, UFD flipped over
Upan spin-up.

There are several things | plan
to improve on in Shaka when | get
the chance. First, I'm going to
decrease the width of the robot at
least 1.5" by remaoving the Dewalt
pillow blocks and supporting the
shaft by pressing bushings into the
LIHMWY side. | also plan fo remove
the weapon bearing blocks and

replace them with a pair of
bushings pressed into the weapon
support rails. 1've already replaced
the battery with one that has a
mare adequate discharge rate.

ioverall, |'m happy with the little
combat performance that this robot
has had, and will be taking it along
with the rest of the MH robotics
fleet to the upcoming Franklin
Institute event to find any other bugs
that need to be worked out

MANUFACTURING:
RioBotz COMBOT
TUTORIAL SUMMARIZED:
Materials - Part 2

@ Criginal Text by Professor Marco Antonio Meggiolaro, Summarized by Kevin M. Berry

rofessor Marco Antonio

Meggiclare, of the Pontifical
Catholic Uniwersity of Rio de laneiro,
Brazil, recently translated his popular
book, the RioBofz Combof Tufonal,
inta English. Last month, SERLD
summarized the first part of Chapter
3 — "Materials” — focusing on
commaonly used metals in combat
bot building. This month, we switch
focus to non-metals.

Marce's book is available free
for dowenload at www Hobotz com.
brfenftutorial_ html, and for hard
copy purchases (at no profit to Marco),
at vy lulu comyfcontent/ 7150541
All information here
is provided courtesy
of Frofessor
Meggiclare and
RicEotz. Let's get
started|

The main non-
metals that need to
be mentioned in

Antweight Babe showes

the toughness of

Fend = Mormes boreynoo o
=ainst spinners.

combat robot design are:

Polycarbonate

This popular plastic — commoaon by
known as Lexan (trademarked by
SAEIC Innovative Flastics, lnc) —is
a polmeric thermaoplastic fwhich
softens and melts when heated,
instead of burning) that is
transparent to light waves and
radic-contral signals. 1thas high
impact toughness, and it is very
light, with a density of 1.2, When
used in combat robot armaor, it
absorbs a lot of energy as it is

deformed during an impact In spite
of that, fewer and fewer combat
robots have been using this
material, because of its
disadvantages: it has very low
Young modulus (B = 2.2 GPa—
about 1% of the stiffness of steels
— making the robot struchure very
flexible even for high thicknesses), it
cracks easily (the cradks usually
appear starting fram the holes, and
they propagate without absorbing
much of the impact energy), and it
is cut easily (becoming wulnerable to
sanbots),

‘Wiood rmakes for shovy displays,
bt urfortunaely loses matches.
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CF layered withfoam makes atough, light strugtural panel . Dragonpla e substitutes bal == wood for the foznm.

To aveid cracking, chamfer all
holes to remaove sharp corners and
edges, and provide the polycarbon-
ate with support along with some
damping, for instance using a thin
layer of rubber or neoprene. fuoid
tapping polycarb, but if you must
do it then guarantee that the hale is
tapped very deeply with several
threads or else they might break,
Mever use threadlockers such as
Loctite 242 in Lexan, because
(besides not locking) it causes a
chemical reaction that makes it
britle. Acetone should also be
avoided. Polycarbonate is almost
universally the material used to
construct combat arenas.

fAAcrylic

This is a good material to
build fish tanks, but do not use it
in combat because it has the same
density as Lexan butwith 20 to 35
tirmes less impact toughness. (Mote:
Marco implies, but does not clearly
state, that it shatters spectacularly,
leawing razer sharp splinters
evennnhere. Please do not email
SERVD asking how | gained this
knowledgel)

Asbot armor, acrdic makes =
great trophy shelf!
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is bent, allowing it to
slide with relativeby low
friction in case it makes
contact. The high
toughness of UHMWY
makes it a good choice
ever for structural
parts, such as the

PETG

This is a modified type of PET
ipolvethylene terephthalate) with an
impact toughness in between the
values for acrylic and polycarbonate.
It is a cheap substitute for polycarb,
but with waorse properfies. We've
fried it in combat and decided that
itwould be better used to make a
hice transparent trophy shelf.

Teflon

Teflon is a wel-known
hausehald matarial (trademarked
by DuFont) 1ts acronym soup name
is FTFE (polytetraflucraethylene).
Hawing wery low friction, it can
be used as a sliding bearing for
moderate loads or as a skid under
the robot to slide in the arena |=
main problem is its high cost

UHMW

LIHMW (Llra High Malecular
Wieighth plastic is a high density
pohrethylene that also has very low
friction. Known as the "poor man's
Teflon,” it doesn’t slide as well as
Teflon but it is cheap and it has
higher strength. Shell spinners, such
as Megabyte, use internal spacers
made out of
LIHMAAS
between the
shell and the
inner robot
structure,
guaranteeing
that the shell
won't hit the
internal metal
parts of the
robot even if it

motor mounts of the
hobbwweight Fiasco,
shown in the photo

Nylon, Delrin (acetal)

These are thermoplasiic polymers
wyith high strength, low density, and
relatively high toughness. They are
good for internal spacersin the robots
and even as motor mounts (similar
to UMWY Mylon is & generic term,
while Dielrin is a registered trademark,
of DuPont.

Rubber, Neoprene,
Hook-and-Loop
Fastener (Velcro)

These are excellent materials to
dampen the robot’s citical internal
components, such as receivers, elec-
tronics, and batteries. High-strength
mushroom-head hookand-loop is
also excellent to hold light compo-
nents. Thisis, of course, a high
strength version of the ubiguitous
"elcra,” another common house-
hald material Welao is a registered
trademark, of Welcro Industries),
Mushroom-head is a "male-male”
systemn, instead of the fraditional
“male-female” systerm with Velcro,

Epoxy

Excellent adhesive; good to glue
fiberglass, Kevlar, and carbon fiber
onfo metals. Clean the metal part
with alcohel or acetone before
applving it to maximize halding
strength. Always use professional
epoxy which cures in 24 hours —
not the hobby grade.

Phenolic Laminate

This is an industrial laminate —




very hard and dense — made by
applving heat and pressure in
cellulose layers impregnated with
phenalic synthetic resins,
agglomerating them as a solid
and compact mass. Also known
as Celeron (trademarked by GRT
iaenesisy, it is an excellent electric
insulater.

Wie mount all the electronics
of our robots on such laminates,
which are then shock-mounted
to the robot structure using
vibration-damping mounts or
mushrocm-head hook-andloop
resulting in electrical insulation, as
well. The regular phenalic laminates
are relatively brittle, but a high
streng th wersion called garolite
tavailable at v memaster.com)
has already been used even in the
structure of antweights and
beetleweights. Garolite — a generic
term for a family of phenolics — s
transparent to radio signals and very
impact resistant Howewver, avoid
tapping it since its threads are prone
to stripping.

Wood

Wood has low impact
toughness if compared to metals.
It should not ke used in the
structure, unless your robotis very
skillfully driven, such as the wooden
lightweight The Brown Mote,
which got the silver medal at
RoboGames 2008 after losing to
the vertical spinner K2. A few
builders have mounted wooden
bumpers in front of their robot
when facing spinners, to work as
ablative armar. While a shell spinner
chews up the wooden bumper of
its opponent little by litle, itloses
kinetic energy and slows down,
becaming wulnerable.

Ceramics

Caramics are wery brittle under
traction, but under compression
they are the most resistant materials
in the waorld, so much so that they
are used underneath the armer

plates of military tanks. The ceramic
braaks up the projectiles, while their
fragments are stopped by an inner
steel layer. Ceramics are also
extremely resistant to abrasion.

The famous lifter BioHazard used

4" sguare 0.08" thick alumina tiles
PAL035 which forms sapphires
when in pure form) glued under its
bottom to protect it against arcular
sawis that emerged from the
EatteBots arena floor,

Fiberglass

Fermally known as GFRF {glass
fiber reinforced polymer), it is made
out of very thin glass fibers held
together by a polymeric adhesive
(knowen as the polymer matrix) such
as an epoxy resin. [tis used heavily
in boats. It has potential use in the
robot structures since it is rigid and
light, however, its impact toughness
is lowy, compared with most metals.

Hevlar

Kewlar, another DuPont
trademarked material, is also known
as KFRF (Kewlar filber reinforced
palymer). 1Tis somefimes seen as
a vellow fabric made out of
aramid fibers — a type of nylon,
five imes more resistant than steel
fibers of the same weight Used
in bulletproof vests, it has
extracrdinary impact toughness,
Touro uses a Kevlar layer covered
with professional epoxy (the
palyrmer matrix) sandwiched
between the aerospace aluminum

UHRWY i= an idesd structural rmateri=
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walls of the structure and the
extarnal Ti-64-4Y plates of the
armaor to increase its impact
toughness.

The fabric is very difficult to cut;
it is recommended to use spedial
shears, avalable at wan me
mastercom. Kevlar fabric is not
expensive. Weve paid less than
L5312 in Touro — more specifically,
we've used the aramid fabric
KEATS, which costs about
LISHE0 M2 (less than USHE/fEE)
in Brazil,

Carbon Fiber

Sometimes called CF or CFRF
icarbon fiber reinforced polymer), it
is available in several colors. CF is
very expen sive but extremely rigid
and light, and because of that it has
been used in racing cars and aircraft
for vears. It is excellent to mount
the robof's internal parts fo because

Sdf inflicted darmage isthe vworst knd!
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of its high stiffness. It is a myth that
carbon fiber has high impact tough-
ness, though. It surely has a high
strength under static loads, but it
does not take severe impacts.

The undercutter Ltterby
Offensive 15 a good example of that
its carbon fiber baseplate (see
photo) selfdestructed when itwas
scraped by its own spinning blade,
The plate was |ater switched to
titanium. Carbon fiker is not a
good armor material, unless itis
combined with Kevlar to achieve
high impact toughness.

Other Polymer
Matrix GComposites

There are several other
composites that use a polymer
matrix (such as epaxy or pohrester)
besides plain GFRF, KFEF, and CFRP.
For instance, you can tailor lay-ups
of aramid and carbon fibers cured
(bonded) together with a polymer
matrix to achieve optimum impact
toughness (due to Kevlar) and
stiffness (due to carbaon).

[tis possible to generate
complex unibody structures by
combining several parts into a single

cured assembly, reducing or even
eliminating the need for fasteners
and saving weight and assembly
time. One technigue 15 to use
adhesive bonding where composites
or metals are bonded to other
composites, honeycomb cores foam
cores, of metallic pieces.

An example is where a
rigid unit is made with a poly-
methacrylimide foam core,
sandwiched by CFRP sheets (see
photo) Besides increasing the panel
bending stiffness, the foam core
also warks as a shock mount,
increasing the impact strength. [
also becomes a good option for the
robot structure and even the armer.

An even the higher stiffness-to-
weightratio can be obtained if the
core s made out of balsa wood, as
shown in the photo of DragonPlate.
Howewer, its impact toughness is
relatively o,

Wile use a Kevlar/Momex honey-
comb material, purchased from
vy acmeindust rialsurplus com,
in all of our insect class bots, and
have several sheets up to 17 thick
we plan to use in bigger bots [t has
proven extraordinarily effective
against spinners. Babe (see photo)

spent a whole event giving spinner
tides with minimal damage).

Professor Marco notes that,
while these composites are tough,
a metallic overlay such as the
titanium side panels on Babe
significan iy increase long-term
damage resistance.

Metal Matrix and
Ceramic Matrix
GComposites

Instead of having their fibers
embedded and held together in a
polymer matrix, these composites
use either a metal or a ceramic
matriz. The fibers {or even files in a
fews cases) can also be made out of
mmetal of ceramic, which tends to
increase the ulfimate strength and
stiffness of the matrix material.
Howeever, most ceramic matrix com-
posites have low impact strength,
wehich limits their use in combat —
not to mention their very high cost.

ion the other hand, when part
of a multi-layer composite armor
plate such as the Chobham armor,
ceramic tiles embedded in a metal
matrix can be very effective fo shat
ter kinefic energy weapons.

Completed Events for
July 16 to Aug 15,

2009
BGI_B_»MSI

Eot Elast
2009 was
held luly 18th in Eloomsburg,
PA. Twenty-seven robofs were
registered.

Upcoming Events for
Oct-Nov 2009

Franklin Institute 2009 will be
presented by Morth East
Robotics Cluk in Philadelphia, PA
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October dth and Sth. For more
information, go to v nerc us.

ke

presen ted
by the
Chicago
Robotic
Commbat
Assadciation

in Resemont, |L October 2310
through 25th. For maore information,
go to wwnw the CRCA org.

obothon Robot Combat 2009

will be presented by Wilestarn
Allied Bobotics in Seatte, Wil
October 11th. For maore
information, go to wawnw western
alliedrobotics com.
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