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Abstract

The maingoal of thisproject is to design a tactical platform that will have both a
defense and an offensive attack mechanism incorporated. This platform is to compete in the
BattleBots competition next year in 2012. The competition knowBatsleBots consists of two
platforms that will try to disable each other. Tlse robots are remotely controlled by their
respectiveteams.The weight class that we have selected for this cetitipn is the lightweight
class, which consists of a 15 pounds platform. There are no specific dimensions for the platform
to encounter as long as the robot stays within the weight limit. Various conceptual designs will
be analyzed prior construction. Thenal structural design for BattleBots will be solely
centralized on research listed as whéalsed platforms. The fal prototype will be analyzed
using twocomputer programsSolidWorks2010and ANSYS before purchasing of materials to
construct the finddesign. The computer analysis will help create an overall better design that
will be more efficient in its performance. The final design will be tested in order to compare the
results that are obtained through theoretical calculations using equationsdatd obtained

through the computer analysis from both programs used.

1| Page



1. Introduction

1.1 Problem Statement

To design and build a whebbhsed platform that meets the rules and guidelines
provided by the lightweight class of the BattleBots competitidhe platform will have to be
able to disable other contestants in the time assigned while remaining operational throughout
GKS O2yGSaioe ¢KS LIXIFGF2NY ySSRa (G2 6AGK&aGI
mechanism. The designers have free range ontyipe of platform that they choose, but are
constrained in the areas specified in the competition rules. In case of damage, the designers
should consider what parts of the platform are likely to fail first and have this installed in a

manner in which they @ easy to reach and replace.

1.2 Motivation

CKS Y20AQ0F0A2y F2NJ GKAA LINRP2SOG Aa dzf GAN
competition. This project was proposed in our Senior Design course and our Team was already
thinking that this would be an exdeht project topic. The reason that our team believed this to
be a great topic is because it matchdte entire criterion that is equired in order to be a
mechanical dsigrer and it was a competition that our team realyjoyedwatching when we

were yourger. The chance to participate in this competition would involve creating a
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theoretical design, construction of a prototype, analysis of the prototype, selection of parts and
materials, construction of the final design, and analysis of the final designefiineering
challenge that is undertaken for this project is large, but provides many opportunities for this
team to prove itself, specifically in terms of design ability. This team feels that by participating
Ay GKS a. GGt S. 20 aa of @@onlidh dvil Belbddyhht tolthe Mediahichl R S
Engineering Department of Florida International University. It is encouraging to note that this
robot will be one of the few that has been entered to represent FIU. The fact that others will
be able tolearn from our design methodology is also very encouraging. Our team wants to be
able to leave a trail of breadcrumbs for future robotics students at FIU to be able to follow and
expand upon. Finally, the members of this team hope to illustrate theirsskallpotential

SYLX 28SNEX ¢6K2 |NB &alFAR (2 FTNBljdsSyidfte @GArara
1.3 Literature Survey

1.3.1 Background of BattleBots

G. E®G20a¢ Aa G wEompamyThatOiyanizes s6lhotyeGmpetiffons all over
America. Thecablegi St S@Ararzy OKIFyySt a/2YSRe / Sy(dNI ¢t
from the year 2000 to the year 2002. The show featured robots competing to disable each
20KSNJ AY 'y |INBYylET NARRfSR gAUGK 20aiGl0tSa |y
champiors over the years, the most successful of which, were able to destroy or disable their
competitors while sustaining little damage to themselves. Our team went to watch the most
recent competition get a better idea of what is required and what we could dodke sure we

have the most optimum design for this event. In competition, the matches are generally 3
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minutes long. If neither robot is destroyed by the end of this 3 minute time period, judges
distribute scores among the compiis. The judging i®ased on each robots strategy,
aggression, and the amount of damage that the robot caused to its opponent. The winner of
the match is able to continue competing, while the loser of the match is eliminated and unable
to go on. This team wishes to follow inettiootsteps of former champions by designing and

0dzAf RAy3a | NRo2G GKFG OFy adzO0Saa¥fdzZ fe 02YLISH

Table 1 displays the classes that were available for the BattleBots competition 2010. The

classes are split by weight class andPbgfessional, High School, and College levels.

Tablel: BattleBots Classe®

120 Pound Middleweight Robots 15 pound Robots Task Oriented Robots

wl AAK {OK22f wMHn |wl AFK {OK2|lwaARRfS {OKa2a®ft ¢ }

w/ 2tt8538 mun ftoadw/ 2ffS3AS mlwl AIK { OK22f ¢ &1

wt N2 mMmHn fo0ad 6ai|wt NE mp fo6|lw/ 28538 ¢F &1 hNRY

Table 2 displays the entry fee required to participate in each class. This is the only
information given about pricing for this competition, but as our project continues material and

part pricing will also be included in this cost analysis.

Table2 : Registration Cost Analysfg

Type of Robot Registration Fee
1201bs. $500
151bs. $300
Task- Oriented $150
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1.3.2 Background of Robotics

In the past years there has been an evolving pattern in robotics toward observing nature
for solutions to the convoluted issues approached by a robot designer. One area of study of
great interest to Roboticists has been the field of Ethology. Ethology studies the behavior of
animals in their surroundings. For an ethologist, an organism and the environment where it
develops are basically attached. Similarly for a robot designer, the same apmsbaaid be
followed. If the designer has in minthe behavior you expect your robot to shoand the
circumstances in which your robot is expected to operate; the designer is restraining their

design in a way that it is most likely true to have a sucoéssitcome.

1.3.3 History of Components

DC motors are a wedlstablished technology, combining efficiency and widespread
availability with ease of control. The electric motor goes back to 1821 when the first one was
built by British scientist and inventt Michael Faraday’ Faraday placed a magnet in a shallow
dish of mercury, above this, he suspended a wire. One end of the wire was connected to one
pole of a battery. The other was allowed to dangle in the dish of mercury, which was itself
connected to he other pole of a battery. Being conductive, the mercury acted as a sort of liquid
connection brush, and current flowed through the wire. As it did so, the resultant magnetic

field created by the flowing current pushed the wire out and around the permanegnet in
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the dish. Although this first singj@ole motor could produce steady circular motion in the wire

it was not capable of doing much work.

1.3.4 Efficiency of DC Motors:

Efficiency of a DC motor is simply the ratio of electrical power in to nmechlapower out:

C-l| =)

0 0
Bothd and0 are expressed in units of watts. In this case of an ideal motor, E would be equal

to 1. In practice, E will generally be far lower than 1.

1.3.5 Sizing a DC Motor:

Torque is defined as the anguli@rce the motor can deliver at some distance from the
shaft. For example if a motor can lift one kilogram from a pulley with a radius of 1 meter, it
would have a torque of 1 Newtemeter. The formula for mechanical power in watts is as
follows:

0 Y ¢

Where T is the torqueneasured in NewtoryY’ S (i S NJ& is angfuRr velocity in radians/second.
This formula is used to determirtke power of a motor at any point in its working range. A DC
Y2Ui2NR& YIFEAYdZY LR2¢SNI Aa | Balf isslmiadmuni fotationsll EA Y dz
velocity also known as no load velocity, which gives this formula:

. P
Y ]
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This is simple to visualize from the discussion of the motor working range; where at the
maximum angular vela, (revolutions per minute [RPM]) the motor has the lowest torque,
and where the motor has the highest torque, the motor hasozangular velocity. Figure 1
shows this relationship. Note that as motor velocity increases, the torque decreases; at the

samepoint the power stops rising and starts to fall. This poirt is .2

Max Power

Min

Motor velocity |
Max

Figurel: Torque-Power relation.

When specifying motors for a specific robot, robot designers intendave the motors
running nearits highest efficiency speed than its highest power in order to get the longest
running time. In most DC motors, this will be at about 10 percent of its stall torque, which will

be less than its torque at maximum power. To get the power needed from a DC motor, first the
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designer needs to know the power required to move the robot arghtepecify a motor whose

0 s higher than the power needed by the robot. This is done so that the motor can operate

at the velocity wanted and still has the power wanted while minimizing the current required. By

over simg, we can run the motor nedts highest efficier@ &aLISSR® ¢ 2 |jdzl YUGATFE
maximum power, the designer needs to know the-load velocity and the maximum torque.

These could be obtained from the manufacturers specification sheetsalbolat® , the

following approach is used (example):

Convertingunn wta (2 NI}IRAFYyakaSO2yR F2NJ

i Qui 1 ©Qipa Q¢ ﬂ)‘l w0 Qi
L1y 3 el PR \ T« I N
P a Qe S I Qo Qoop i Qw

Converting ouncénches to Newtormeters for T:

pat @ pO ® Wa  pd

PTAIA 2 09 ¢ & cud pQE  p mamd

& @ a
To calculate the power of the motor with this #oad RPM and this stall torque, the

motor selection is based on the following power in Watts.

I OQi

. P . ‘ .
v [TXPA pB—c- PR @
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1.3.6 Determining the power needed to move the platform:

The forces acting against the platform are friction and gravity. These two forces can be related
as follows:

O O 0 1
Where 'O is the required force to move the robot;O is the frictional force resistm the
movement of the platform, andO is the weight causing the robao roll downhill. The weight
component is 0 on a flat surface because it cannot fall down any more. Here is the formula
for'O:

O aQi Qtuv—
where mg is the fore of gravity where m is the mass and g is the acceleration due to gravity,
is the angle of incline from the vertical. Frictional force is affected by the magnitude of the
angle from the horizontalFriction between the wheel and the surface is alsocaoiaasshown
by this formula:

O ' aQwEé ip—
where* is the coefficient of friction, in our case the static coefficient of frictimg, is the force
2 T 3 NJigthal @ngle ffom the horizontal. The larger thethe larger the frictiona
resistance; after finding these forces, power can be calculated from the following equation:

0 O 0 [7]

Where v is the maximum velocity of the platform, to find out at what spend the motors need to

rotate to obtain this velocity the followm formula can be used:
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For a platform with two motors, the power requireidr motion would be divided bywo

motors'.

1.3.7 Motor Mounting

Motor placement is usually one of the most critical mechanical tasks one needs to
undertake wherbuilding any robot. A welnounted motor can make the difference between a
robot that moves with military precision and one that perambulates with not much control

from the user.

Balance, Symmetry, and Alignment
Balance: When sing dual drive wheels, thieam makes sure the wheels are balanced relative
to a flat surface. In other words, when mounting motors engineers have to make sure that one

wheel is not shorter than the othexs shown in Figure. Below:

C )

-

Figure2: Balancing WWeels
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Symmetry: For duarive systems, the user makssire that the motors are mounted along a
commoncenterline, as shown in Figure Singledrive systems should generally be mounted so

that the drive wheel is centered between the support wheels, aswhin Figure 3

Figure3: Symmetry Axis

Alignment: When drive wheels are directly connected to a motor, one must take care that the
motor and shafts are aligned so that the wheel (or wheels) is facing directly forward, as shown

in Figure 4 A robot with wheels not aligned will not be able to follow a true path without some

type of software correction.

sl

Figure4: Alignment
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Metal Mounting Brackets

Sheet aluminum and galvanized steel are both good cho&sesnaterials from which to
fabricate mounting brackets. These can be cut, bent, and drilled with relative ease and are
reasonably priced in small quantitie$/16 and 1/8 thickness laminum sheets are widely

available?

2. Project Formulation

2.1 Project Objectives

The objectives for this project are lofty in nature; however they may be achieved
through team work and organization. The first major goal that this team wishes to achieve is
that of building a robot which can be a strong competitor agaitsstompetition. The second
objective is to create a design that is modular in nature which would allow for future
G.FdGtS. 20a¢ O2YLISGAG2NR (2 F2tt26 Ay GKA&a @S
to satisfy the global learning requiremisnset forth by the mechanical engineering program of
Florida International University. Theseag®will ensure that thelesign project, for which the
G. FGdtS. 20aé¢ NRoOo2G Aa 0SAy3 osausfiesiall evaluatior2 y S
parameters.

. & ONBIFOGAY3I  NRo2G GKFG Aa | adGNBy3 a.Faid
of the hard work designing and building the robot was rewarded with a product that the team
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members could be proud of. We plan to achieve this goal by employdlegign that has a low
center of gravity combined with a sloping front and sides. The front of the robot will also
FSIFGdzZNBE o6fFRS&a GKIFIOGO ALIAY AY Fy dzLJok NR RANBOG
robot designs, and has compared and contrasthd,successful competitors with the ones that
were not as successful. One of the defining characteristics of successful participants seems to
be that of a low center of gravity, combined with the ability to throw the competition into the
air. The lowenter of gravity allows for a greater amount of dimensional stability, allowing the
NREoOo2G G2 adle GNRIKG aARS dzZl)¥ RSaLAGS o0SAy3a
OFftft SR GaLIAYYySNI Ot aa¢ NRO20GaZI coaskantlpspinrthyibl 2 & |
the horizontal direction. These designs appear to have trouble against the design that this
team is considering.

The design othe robot will also employ material that is both light weight and can
withstand large impact forces.The parameters of the competition, limit the weight of the
robot to a maximum of fifteen pounds. This places a large restriction on the designer, who
must balance strength with weight. One option considered by this team is that of an aluminum
frame andouter casing, which during initial analysis, yielded positive results when weight,
strength, and heat dissipation for the electronics, were considered. Further analysis, will reveal
the optimal materials needed for the construction of this robot.

Anaher objectiveis to create a design that is modular in nature. Plans to achieve this
goal stem mainly from the transparent nature of the design strategy being employed. For

example, software that is written for the robot will be made readily available,lmndritten in
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a programming style that allows for ease of cross language adaptation. Software will also
contain appropriate comments, so as to allow any future programmer to easily understand the
purpose of specific lines of code.

The final major objet A @S GKIF G GKA&a GSIY gAakKSa G2 |
[ SIENYAYy3TE aLISOG 2F SYy3IAYSSNAy3dI RSaAAIy P ¢ KS
GKS NRo20Qa RSaAdys G2 FLOAELAGEFAGS AdQahel RFLIGIA
ability of the robot to maneuver and/or destroy obstacles in its path. The purpose of which, is
G2 Ay@SadAadalridsS GKS NRo2GQa dzaS¥dz ySaa (G2 LISN

trapped individuals.

2.2 Plans for Tests on Prototype

The desig of this robot will largely be done by use of CAD software. Specifically, this
GSIFY KIFIa SYLX 2SR a{2ftAR22NJaé¢ G2 R2 YdzOK 27
GSFY YSYOSNI A& Yz2aid FrFEYATAIFIN 6AGK® signzaha Slj dzSy
be simulated before it has even been built. This allows the team to experiment with different
ideas for the size, shape, weapons, and materials and allow for a level of refinement that may
have not been available to past designers, thus enaliliegteam to create a prototype that
requires very little modification to produce a final product.

Due to the restrictions in budget that the team is faced with, only one robot can be
built. As unfortunate as this may be, each member understands thgiheers in industry are
often faced with similar situations. Very often, an engineer is faced with restrictions that force
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him or her to create a design that will achieve its desired objectives with little to no
modifications. It is for this reason, thaktensive testing will be done on the robot using CAD
and simulation software.

Specific testing that is done on the robot using computer software; include analysis of

iKS NRo2GQa ¢SAIKGO® l'a adkGSR SI Nandweght (KS

Of raa 2F (GKS a.FddtS.20a¢ O2YLISGAGAZ2Y O ¢ KAa

robot is fifteen pounds. Software analysis of the weight based on its proposedisag® and
material are analyzed and the most appropriate of theseakected. This is an extremely
important tool for this team, since the robot cannot be modified greatly after it is built, without
going over budget.

Other aspects of testing that will be done using software include range of motion of the
various mowig parts of the robot. Motors must be able to produce the required torques for
the robot to operate as desired. Placement of heat dissipating elements must be strategic and
positioned so that they do not expose the robot to any vulnerabilities. Finddlgement of the
internal components ianalyzed so that proper fis guaranteed.

When the robot is physically built, it must undergo many tests to ensure that it operates
as desired. This team has strategized that the various parts of the robdiectested as they
are being built and assembled. For example, remote receivers are tested for functionality, even
before they are installed into the body of the robot. This will allow for team members to
ensure that all of the components are functionaéfore the robot is fully assembled, and

eliminate the need to for disassembly to access nonfunctional components. In addition, testing
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of cooling for the various electronics can be done using heat transfer analysis and tools such as
thermometers.

Final esting for the robot will be rigorous, although not so much as to cause damage to
Al o +| NA2dza 2o0adl Of Sa Ydzad o6S a4Sid dzLJ FyR (K¢S
be observed. Its speed must also be observed and calibrated to the remotelkeqtipment
being used. Some testing of its ability to withstand impact forces must be done which may
include striking it with various levels of power. Finally, the ability of the electronics to
withstand shock and vibrations must be observed. Tesiirtgis may include driving the robot
over rough terrain and observing its reactions to this. This team believes that, through proper

design and testing, a strong and competitive end product will be produced.

¥

Figureb: Examplé thriving Test

16| Page



2.3 Cost Analysis

This is a rough projected analysis of the total cost of the robot excluding labor:

Table3 : Part and Material Cost Analysis

Saw Blades Two saw blades at approxately $20.00 each $40.00

Rubber Wheels 2 Set of 3" diameter rubber wheels $17.99

|

4 Motors @ approximately $5380 each $212.00

Motors

Lipo Batterie 2950 mAh Lithium Polymer Battery Packs/$40.00 each | $80.00

1/8" Aluminum sheet 1 MKy §é FfdzYAydzy ¥ | LILINRBEAYLl $4.00
Aluminum Spoo!s 2 Aluminum spools for welding /$24.99 $49.98

Electronic Speed Controlle 3 25 Amp Brushed ESC with reverse /$59.99 $179.97

Battery Plugs Set of femalemale battery to speed controller plugs /$3.5 $14.36

Each team member is projected to spend approximately 80 hours (8 hours peordHy days)

on this project for a total of 240 man hours.
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2.4 Prototype Cost Analysis

¢tKA&a OFdS32NE FlLftfa dzyRSNJ GKS a/2aid !yl fe
prototype of the robot. As stated earlier, all designs and simulations witldme using CAD
and simulation software, to ensure that the physical product produced requires very little
Y2RAFAOILIGA2Y (2 06S O2yaARSNBR | GFAylIfé OGSNE

restrictions that the team must follow for this project.

3. Design Alternatives

3.1 Conceptual Design

2SS KI@S | 02dzZLl) S 2F 02y OSLJidzrf RSaA3dya
concept design is a Tweé/heel platform. The platform wadesignedto look at alternative
weaponry as well as mobility. One of our wrajestrictions in completion will be weight so in
this design only two wheels were in order to give us more options on weaponry but less
stability. In this design the weaponry chosen was a saw in the rear and a spike in the front. In
this concept the cumd front was used in attempt to flip the opponent. The rear saw would be
used for defensive protection against attack from behind and the spike in front would be used
to impale the opponent if flipping it was unsuccessful. The spike in front would have a
secondary purpose as a balance adjuster. Since a two wheajrdesnot the most stable, in
case that our robot is flipped the spike will be used to flip our robot right side up.
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Figure6: Two Wheel Concept
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Figure7: Two Wheel Concept (side view)
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The second concept design is a Four Wheeled platform with small banks on all sides and
a curved front with upwardly rotating spinners. As in the previous design a curved front is being
used to flip the opponentin this design the stability of the robot was thegjor factor. The four
wheelsprovide mobility without compromising the staltyliof the robot. The weaponry fdhis
design would be two spinners in the front of the robot. The ohyaodf this design wald be to
ram into the opponent and then using the curved front and spinners to flip the opponent into
the air, walls or field hazards if available. This robot has added stability due to the fact of the
four wheels and the banks on all sidG@he banks nobnly providestability but also protection

against attacks. The banks can also be used to flip the opponent in the event of a rear attack.

Figure8: Four Wheel Concept
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Figure9: Four Wheel Conceyside view)

The third conceptual design our team implemented multiple weaponry with a stable four wheel
base platform. In this concept the offensive weapons would be two spikes on both sides of the
robot that are spring loaded and would swing forwaasid impale the robot. The other
offensive weapon is the drill in the front also used to impale and damage the opponent robot.
The defensive attribute of this concept are the curved banks on all the sides in order to

withstand any damage that an opponentaat would deliver.
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Figurel0: Four Wheel Side Spike Concept

Figurell: Four Wheel Side Spike Concept (side view)
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3.2 Proposed Design

¢CKA&a GSFYQA LINPLIZASR RSa&aA3dy sindhe concépudio A y I G
designs. As this project progress out team hopes to continually improve on these concepts in
order to better optimize our final robot. For this final design our time chose to incorporate the
weaponry of two different designs on the fowheel based platform. The Proposed designs
offense weaponry will be a combination of the impaling spike in the rear for damage from
above and in the front using the spinner blades with the curved front to flip the opponent
robot. The defensive part of thirobot will be the curved base on both of its sides and using the
impaling spike as a support in case our robot gets flipped.

The design below is a combination design that our team was thinking of implementing
for our proposed design but after much dissis and research we have improved our

proposed design into an alternativ®nstruction as seen in figure 10
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Figurel2: Four Wheel Combined Weapons Concept

Figurel3: Four Wheel Combined Weapons Gmapt (side view)
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Figurel4: Proposed Design

Figurel5: Prototype for BattleBot Competition

25| Page



Figurel7: Firal Death Metal @signwith Blades Only
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Figurel8: Final Design Death Metal with Spike

This is the final design recreated to show the details into the parts and system. In this
design you can see that the four wheel platform has drive train system in the rear for
powering motion while the other two motors are placed to in order to run the weaponry. The
cover on this particular robot has sloped banks on both sides and the rear. The front of this
robot was designed with a uniqueurve and separated into three sections. This was done in
order to make room for the two spinning blades that are mounted in the front by a custom
mount and attached to one of the free motors. The spike in the rear is also mounted on a
custom mounting braket that is connected to the other free motor. There is additional space
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inside this robot for the battery and receiver as well as some room for adjustments that will
come about during physical construction. The platform will be mounted orbtiteom of the
cover to insure a tected platform. This design was chosen for construction because of the
research into the competition revealing the most optimum components and combining them
into this robot, Figure 8 and 16shows a scale down prototype of the wexdgtructure of the

BattleBot.

Figurel9: 3d Printing Rapid Prototype Machine
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Figure21: Scaled down Prototype Bottom View
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4. Engineering Design and Analysis

4.1 Structural Analysis of Parts

Figure22: Curved Front Part Prototype

With an applied for of 20 pounds on the front surface and fixed supports at holes for the screws
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Figure23: SoldWorks Analysis Total Deformation of Front Curve
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Figure24: SolidWorks Analysis Equivalent véMises Stress of Front Curve
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Figure25: ANSYS Analysis Total Deformation of Front Curve
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Figure26: ANSYS Analysis Equivalent vblises Stress of Front Curve
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Figure27: Cover Static Analysis

Figure28: Manufactured Cover Static Analysis8 Ib Force FronLinear Direction
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Fgure 29: Manufactured Cover Static Analysis8 Ib ForceRearLinear Direction
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Figure30: Manufactured Cover Static Analysi8 |b Force FronNormal Direction

35| Page



URES (in)
8.334e-005
l 7 640e-005
. £.945e-005
. 6.251e-005
. 5.556e-005
. 4.862e-005
. 4.167e-005
. 3.473e-005
. 2.778e-005

. 2.084e-005

1.389e-005
6.945e-006
3.937e-032

Figure31: Manufactured Cover Static Analysi8 Ib ForceRearNormal Direction
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Figure32: Manufactured Cover Static Analysis Ib Force Side Linear Direction

36| Page



URES (in)
£.769¢-005
6.205€-005

. 5.640e-005
. 5.076e-005
. 4.512e-005
. 3.9482-005
| 3.384e-005
. 2.820-005
. 2.2560-005

- 1.692e-005

1.128e-005
5.640e-006
3.837e-032

Figure33: Manufactured Cover Static Analysi8 Ib Force SidéNormal Direction

This analysis is done using CosmosWakd Simulationin the SolidWorks program. The
analysis done provides useful information in the structural design of the robot. By
implementing fixed positions and applying different fosggou can emulate different situations
that the robot may encounter. lthese particuar studiesthe conditions were that the robot

was stationary and a force was being applie@aehend as it would be if it was being impacted

by an object.The Forces we designed in linear direction as well as normal to each surface.
The meter on the left hand side shows the displacement in inches and the color coordinates
where the impact is most great. Using the program several times with different types of studies
many situations can be tested without the prototype being fully constructed or damaged. With
different studies the displacemeiaind many other factors cape studied from all angles before
construction.This allows the design to be modified to provide thesthoptimum results when

construction is finally implemented. When final construction of the prototype is complete all
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the research that was done will be tested and the data compared to ensure the best possible

chance of success during competition.

4.2 Design of Motor Mounts:

When designing the motor mounts, some of the aspects that were taken into
consideration were: Stability of the motor; Rigidness of material that will be holding the motors
in place; density of the materiadi desired weight limit of4 Ibs. per motor mount.Figure 24

shows the actual design used for the motor mounts of Death Metal.

Boss-Extrudel

L ]

Figure34: Motor Mount Design

A Simulation using SolidWorks of the motor mounts yieldatisfactory results. Figures 28

showthe actual results for Stress, Strain, Displacement analysis and Factor of safety.
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Figure35: Motor-Mount Stress Analysis (von Mises psi)
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Figure36: Motor Mount Strain Analysis (ESTRN)
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Figure37: Motor Mount Factor of Safety
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Figure38: Motor Mount displacement Analysis (in)

Material used for the motor mounts veaAluminum Alloy 1060. Figure 88ows the initial

fabrication of the motor mounts.
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Figue 39: Motor mount machining process

Figure 27 shows the final product weightindb8.(4.8 ounces)

Figure40: Finished Motor mount
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5. Global Aspect:

The main purpose of this project is to create aabthat will be able to compete in the
BatleBots competition, but to also create a base design in which it could be used in multiple
applications. Throughout this project many designs were considered and with the all the
research and testing done an optiim design emerged. The validity of this design will be tested
in the BattleBots competition, but the base platform application is not limited to this
competition. The ability for this modular design to be used in other applications is another key
feature of this project and played a key role in determining how the robot would function. With
a base platform design decided upon we decided to create other prototype robots that could
be created in the future to serve purposes inside and outside the arenaofhiee prototypes
were designed to show the modularity of the platform and to give some examples of other
applications in where this platform can be implemented in. The BattleBot prototype was
analyzed using SolidWorks and ANSYS programs to test the desegigth to ensure that the
cover that will be protecting the four wheel platform can withstand the impacts of the
opponent robot during the competition. For visual purpose all the images of the robots will

have the top and front translucent in order tee the platform and parts inside the cover.
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Figure4l: Alternative prototype for BattleBot Competition

This design was created as an alternativéhte prototype that isbeing constructed. The reason

for this alternative degin was to show the versatility of the base platform. As shown in the
image of the robot the drive train is in the rear and this platform is a mounted underneath the
cover. This design also shows that the custom work done on the platform and the coves can b
very different than the original design. The cover on this robot has a custom angled top and
solid curved front end. The weaponry on this robot is dual spikes that are mounted using a
custom mounting system and powered by a free motor. In this desigrictarth motor was not
necessary and could be removed to provide an even lighter robot. In addition to the removal of

the fourth motor the front wheels have a smaller diameter. The thicknesses of the wheels are
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the same and the design uses the r/c raciypet tires for the wheels to provide maximum

traction for this competition.

Figure42: Surveillance Robot

This design is the surveillance robot designed for military and research surveillance. The design
was created using the sansystem as the Battle Bots. The platform is mounted to underneath
the cover and the main drive train is in the rear. The difference with this robot is the larger
wheels and the additional drive train system. The larger wheels have treads in order to go on
any type of terrain. In order to accommodate this larger wheels the platform that was originally
designed with holes for the wheels was cut on both sides to making the overall area of the
robot smaller but still allowing for the same type of mounting systend same placement of

the drive train as the BattleBot prototypes. The additional drive train in the front uses the same
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