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ABSTRACT

This report presents the design plannoay)struction, and testing that went into the
development of the Aluminator, a machine built to compete in the ME 2110 March Madness
competition. In the preliminary competition round, th€ @achine scored 53 points over 3
rounds with a high round scoré2y points.In the qualifying round of the competition, the
Aluminator scored a high score of 62 points, achieving a first seed in Seciitve @luminator
scored an average 8.300 score in the judging competition, rankindddm C, with the
Aluminata machine, made it to the 3&eat of the March Madness competitisith a high
score of 75 pointdn order to develop the concepts for th& @Gachine, many planning tools
were used to examine and evaluate the aspects of the machine.l s s uoaseofas a fAHO
Qu a |, antingetrelationship chadnd a tree diagram were utilized to initiate planning for the
design of the machine. These tools addressed agpaicts were most important and needed to be
addressedA morphological chart wsconstructed in afer to begin brainstorming design ideas
capable of accomplishing the assigned tafksse different ideas were evaluated by an
evaluation method and scored based on ranked characteristics. A specification sheet was drawn
up for the chosen desigo desciibe the demands and wishes of the project. The alternative
designs and the chosen design, in multiple isometric and detailed views, have been illustrated in
this text.A cost sheeis available to show the completion of the project within the $il@et
The experience of designingpnstru¢ing, and using &elf-built machine is the best benefit to be
taken away from thisompetition.
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INTRODUCTI ON

The problem presented in this competition is to create a machine that can effectively take
the place of basketball players in the March Madness basketball tournament. To do so, the new
Apl ayer o wil |l need to be abndpick tpdoose ballssogtte d e f en
court. The player will be competing against three other players eattteheat of the
competition

Two diagonals cut the square playing field to create four Z@essFigure 1)The
playing field measuregfeet by7 feetwith adjacent platforms measuring 2.5 feet by 2.5 feet
from whichthe machinesareto start the competitio(See Figure 2)n the center of the court is
arevolvingcylinder that is 1 foot tall and 2 feet in diameter. This cylif&ere Figure 3)with a
1 foot by 1 foot backboard, serves as the basket and rotates 360 dégremgolutions per
minute,to give every zone acceSdhere is a 1 foot diameter hole in the center of the basket and
two 12 inch by 9 inch holes on opposite sides of the basket.

Two plastic bowling pins in the middle of
machin® s besable twknock over a defender, defined as being past 45 degrees, without
removing t hem f rMaadhines imay take elefemders from méaghng zones as
wellA defender knocked over and completely with
defender knocked over and only parPtiortathd vy wi t h
competition, each team is given 4 identical ballsThes e ball s must be fisho
basket. To shoot these balls, a machine must place the balls, by arer,,csampletely below
the rim of the basket or wiiththe side basket. Getting thalls into the center basket earns a
team 10 pointsgr ball, and putting balls inteither of the side baskets earns a team 5 points per
ball. The third task to be completéy the machine is to collect the loose balls in the playing
field. There are three balls on every zone border as well as severatilocate rim of the
basket. To collect the balls, each ball must be brought completely within the back foot of the
teamdbs zone. Colllearrtheitearg5 pointd perd&Bee Figuad 4lfor Roint
Values Table).

The mosimportantrulesare the size, source energy, and budget constraints and the
behavior of the machin@hecorstraints cover size, source energy, budget, and behavior. The
machine must be able to, initially, fit withi

the ranoval of the boxThis difficulty requires the machine to move or appendages to fold out



from the machineThe machinean only be powered by a large and small dc motor, 2 stepper

motors, a large and small solenoid, 2 pneumatic actuators, 5 mouseautdagsavity With the

required movement of the machine, the motors must be used wisely in order to accomplish every
task and score a maximum point value. Aside from aesthetic pieces and fasteners, all materials

that go into the mject must be documented.ares must function witim a $100 budget, forcing

the team to plan machine designs very walditionally, though machines may enter an
opposing teamds zone, no machine can maliciou
be disqualification from t& round.

The constraints of the competition provide many challenges for the teams competing.
Design teams must find a way to reach the center basket from their initial position on the starting
platformusing only the energy sources suppli€de teams muslso find durable, yet cheap,
materials fom which to build the machines in order to operate within the restricted budget.

The constraints and challenges lead to the necessity of careful design and planning in

order to create a capable machine thatoacanpete in the March Madness competition.

DESIGN OVERVIEW i COMPLETE SYSTEM

TheG2 Design is known as t heefFigurabimable ot or . 0
shoot all 4 balls into the center basket, collect any loose balls on the rim and onrthenfiicoe
able to knock ov BalFinngSystendl e leodes sal Theodr bal
hole of the r eWVppdrBall Gojectiota sk @lt|. e cTthe wWhikethé s on t he
fiLower Ball Collectiom ¢ cshnypmns drballsnex t o t he A lDefemdePd toomd. T h e
knocks over the two defenders inthe zohdr e fiAssemblyge power s the drivin
move the G Machine into the playing fieldJpon initiation of the competition, tH@rive
Assembly of theAluminatordrives the machine forwarahto the playing field. Th®efender
Plow, located on the front of the chasgi®ws into the defenders, knocking them o¥@nce the
machine reaches the center revolving baskeBall Firing Systenshoots the 4 balls into the
certer hole and, at the same time, thgper Ball Collectiorand theLower Ball Collection
collect the loose balls on then andcourt. The main dimensions of the entire machine are 12
inches wide by 24 inches deep by 18 incheq&dk Figure 6)The majoity of the Aluminator

is made with aluminum, which minor parts from wood and steel (See Figure 35).



DESIGN PRESENTATION i SUBSYTEMS

The number of tasks needed to be performed remiagy subsystems within the
Aluminator (See Figuré).

The Drive Assenbly

When the proctor closes the circuit and the competition begins, the Aluminator drives out
into the playng field. The Drive Assemblis the driving forcehat enables the machine to
move. The Drive Assembly utilizes the large DC motor as the drfeimrg. The motor pulls on
a system of pulleys attached to the axles of the machine in order to create forward drive. An
axle with a large pulley on iis built into the DC motofSee Figure3). On the front axle of the
chassis is a smaller pulley (Segure9). A vacuum cleaner belt is looped around the two pulleys
to enable movement of the machine. The DC motor turns on at the start of the competition, and is
turned off when th&top Switch (See Figur®) is triggered by hitting the revolving basket.

The Defender Plow

While the Aluminator is driving into the playing field towards the center basket, it is able
to defeat the defenders. The Defender Rfoattached to the front of the chassis of the machine
(See Figuré). As the machine drives forwéiinto the zone, the plow wedges between the pins
and, using the driving force of the Drive Assembly, knocks the pins out of the way of the
machine. This leaves the pins knocked over.

The Ball Firing System

When theStop Switch (See Figur®) is triggerel at the end of the driving periptheBall
Firing System(See Figure Q) activates. Th&all Firing Systenmuses a pneumatic actuator as the
energy source of the subsystdpnior to the competition, the four balls are loaded into the Ball
Storage Tube. Thactuator isdcated at the back of the tube and is used to fire the balls out of
the tube at the right time. To avoid balls falling out during travel, a pin is held in place at the
front of the Ball Storage Tube by a solenoid with an arm attached (§&® BL). When the
Stop Switch is triggered, the solenoid turns out allowing the pin to fall out. This leaves no
obstruction to the flight of the balls. The Position Switch (See Figjuiethe trigger that fires
the balls from the Ball Storage Tube. Teasure the position of the side backboard, the switch
measures the location of the side baskets in the revolving basket. The switch is initiadly close
andis pushed open when it interacts with the wall in betwbeiside baskets of the center

basketWhen the next side basket passes the machine, opening a gap in front of it, the Position



Switch becomes a closed circuit again. At this point, the pneumatic actuator fires, launching the
balls into the center hole of the basket.

The Upper Ball Collection

The Upper Ball Collection (See Figurg)is the subsystem responsible for collecting the
balls located on the rim of the revolving basket. The Catch Arm is a curved, aluminum strip
attached to a mousetrap. A string, attached to the main pulley of tree Axsembly, holds the
Catch Arm in a retracted position until the machine drives forward, releasing the arm. With the
Catch Arm stretched out, balls are scooped off of the rim and faltiemRamp that sticks out
from the frontof the chassis. The Rampes through the middle of the chassis, sloping towards
the ground, and dumps all of the balls collected from the rim into the Collection Box, which is
located within the ball storage area.

The Lower Ball Collection

The Lower Ball Collection (See Figur&)lis a system of retracting arms that collect the
balls on the ground, and pins if located next to the machine, and pull everything back towards the
ball storage aredVhen the Position Switch (See Fig@egoes through its sequence and fires
the pneumat actuator involved in the Ball Firing System, it fires a second actuator involved in
the Lower Ball Collection. The actuator pulls two Trigger Strings that pull pins, releasing the
collection arms, which, hinged in the center at the base of the ctiab$esthe floor of the
playing field. After a .5 second pause, the small DC motor, located at the back of the top frame
of the chassis turns on and begins retracting the arms. As they are pulled, they collect anything in

their path and pull it back todtball storage area at the back of the zone.

METHODS AND RESULTS
House of Quality
A AHouse (SteFQuealkad dgawn up initially to show representation of
the characteristics that theZMachine needed to have.
Interrelationship Chart
An interrelationship chart (See Figure 15) was made to map out two things: the sequence
of scoring points, and the causes of failure. The chart shows 4 ways to scoreStaatsg
balls into the top basket scores 10 points, while shooting the ball&énside baskets earns 5

points. Additionally, collecting loose balls and delivering them to the ball storage area earns 5



points per ball as well as knocking down a defender within your Zdrege are three immediate
ways to fail. If a team uses an outsgburce oénergy other than what is supgaiby the
department, the team will be automatically disqualifidee next checkpoint is whether or not
the machine fits within the 12x24x18 inch box. If a machine does not, it is automatically
disqualified. Latly, if the computer coding does not work and the machine does not launch, the
team will net O points.

Tree Diagram

A tree diagran{See Figure 8) was created in order to more specifically show how to
obtain the maximum score and what would be necesBanybtain maximum points, the
machine will need to beat the defense while keeping them entirely within the zone, scramble for
loose balls, and shobgllsinto the top basket. To be able to beat the defense, the machine will
need to be mobile and/or hawmving appendages. A scooping or gathering component will be
necessary for collecting the loose balls. A lifting or shooting device will be needed in order to
transfer the balls into the top basket. Doing all of this should net a machine a minimum of 50
points per round plus loose ball points.

Morphological Chart

The morphological chart creaté8ee Figure 7) shows the physical instantiations of
several design ideas. Each task is represented by a row, with two rows concerned with the
movement of the clsais of the machindhe chart shows several ideas for collecting loose balls
on the court floor. All of the ideas involve swinging appendages that sweep the balls into the
storage area. To stop the mobile machine, the morph chart shows three diffe®foicheusing
arms and rollers to hold the machine away from the center basket to using switches to turn off
the Drive Assembly when the machine touches the center basket.

Alternative Design Concepts

The Aluminator is one of three designs initially develdfpy team €. Two alternative
designs, not chosen for the competition, were developed to the design stage in order to find the
best solution for each task assigned in the competition.

The Ramp NefSee Figure 18)as a mobile chassis that moves intoglaging field. In
ordertodef eat the defenders, the Bull dozer design
Figure 18) reduces construction and cost by using the chassis of the machine to ram into the

defenders as the machine drives into the ptafigld. To collect the loose balls on the playing



court, the Ramp Net has a system utilizing nets to collect the Da#dNet(See Figure @) fires,
by actuator, or drops, from an arm above, a net on the far side of the balls on the ground. Using a
steer motor or a dc motor, the net is retracted toward the machine, pulling the ballsTath it.
score points in the middle basket with the balls, the Ramp Net uses the Tube Shooter system.
The Tube Shooter (See Figure 21) uses a long tube on top of #stsciide balls are loaded
into this tube and held in place by a pin. When the pin is pulled, the balls roll out of the tube and
into the center basket.

Capsule Scooper (See Figure Efiplements new design ideas for completing the
required tasks. It is s a mobile unit with mobile appendagése Mouse Trap Bats (See
Figure23) uses mouse traps attached to the side of the machine as engines to swing a wooden
stick around. The wooden stick hits the defenders knocking themTdnwesCapsule Shoote
(See kgure 24) encapsulates the balls. The capsule is then loaded into a short tube located on top
of the machine. A pneumatic actuator is located at the back of the tube. When it fires, the
capsule, with the balls inside, is launched into the center bdsieebcooper Arm (See Figure
25) is an O0LO6 shaped arm hinged on the front
the playing field, the arm swings out from the front of the machine and scoops the balls on the
ground, sweeping them towards thekaf the zone.

Evaluation Matrix

An evaluation matriqSee Figure 26)as created to evaluate every design idea.
Comparatively, the Aluminator is the strongest design concept. It is the most consistent and
effective machine to use during the competition

Specification Sheet

There are many demands and wishes for #2eMachine. A specification sheet (See
Figure27) was drawn up in order to describe these demands and wishes so that they could be
met. Units were used to make the dimensions specific andhanteanbeihas beemssigned to
each specification to ensure that it is carried ©oé maximum parameter that the machine can
be is 12x24x18 inches, so the chassis of #&Machine will be 10x16x12 inches. The
dimensions of the chassis force dimensiomgertain other aspects of the machine. The mouse

trap arms are 16 inches long, and the converging ramp within the machine is 10 inches long.



Competition Results

Prior to the qualifying round, a preliminary competition took pla¢e d-2 Machine
scora 53 pointsover 3 rounds with a high round score of@dints The idea of running into the
pins to knock them over, while effective in knocking them over, did not consistently retain the
pins within the zone, losing points. The biggest loss of points f@mmenot being able to
consistently shoot all four balls into the center basket. By using gravity to roll the balls down a
tube, timing was &eryimportant concept to the machine. Relying on timing caused mistakes as
obvious when the balls were deployeoin the tube straight into the back of the backboard. In
order to improve from a score of 53, a method of retaining the defenders completely within the
zone will be needed. Additionally, the reliance on timing will need to be eliminated so that all
balls @n be released into the center basket consistently without any interpretation for timing.

The eliminate timing, switches will be placed on the front of the chassis that measure the side
baskets of the revolving basket. When a switch enters the gap, thanenadl know the timing
is correct.

In the qualifying round, the Aluminator scored a high score of 62 points in one round,
gaining the number 1 seed in Section C. Since the preliminary round, the issues with timing and
releasing the balls into the cenbersket were eliminated by implementing a system to rapidly
fire the balls at the right moment. This moment is determineddasuring the side basket of
the revolving basket. When a side basket moves in front of the machine, the system is able to fire
the balls before the back board can move in front of the machine, regardless of which side basket
it is.

In the final competition, the Aluminator made it to thd'8@at, with a high score of 75
points. In the first round, the-Z machine did not trigger bause of human error, and in its final
round, the Ball Storage Tube had twisted in a way that the pin could not be released. Other than
minor malfunctions, the subsystems of the Aluminator acted according to planning and testing as
it should have. In thaufiging competition, the Aluminator scored an 8.300, ranking'ltationg
all machines present at the competition.

The Aluminator relied heavily on mechanical triggers to function. In the end, it would
have been best to avoid any reacti@sed triggers. Ais conclusion leads to believe that a
stationary machine, as opposed to a mobile design that drives into the playing field, may have

been a stronger and more competitive design.



Cost Sheet

Each teams required to operate under a $100 budget. This bddgstnot include
fasteners, aesthetic (ndunctional) parts, or replacement parts for the electronics supplied.
Only functioning materials that a team put into the machine fell within the butlyexpense
sheet (See Figui28) was drawn up to detaihé costs of the @ Machine.The complete cost to
the design team throughout the competition was $86.77. After rough stock was cut down, and
measurements of material were put into the machine, a complete cost was calculated. A duplicate
machine of the Alunmator could be constructed for $73.79.

Bill of Materials

The Aluminator was made, for the most part, out of aluminum stock. Minor parts to the

machine were constructed from steel and wood. (See RR§ure

CLOSING

Operating under many constraints, eaclatmé s machi ne must be abl e
three tasks to score a maximum point value. To compete in the March Madness competition, the
machine must be able to defeat the defenders, shoot baskets, and collect the loose balls on the
court.Design constraits include initial size, source energy, budget, and behavlarthe
preliminary competition round, the-Zmachine scored 53 points over 3 rounds with a high
round score of 27 points. In the qualifying round of the competition, the Aluminator scored a
high score of 62 points, achieving a first seed in Sectiorh€ Aluminator scored an average
8.300 score in the judging competition, ranking Ieam C, with the Aluminator machine,
made it to the 38heat of the March Madness competition with a tigbre of 75 points. The
experience of designing, constructing, and using abs#lif machine is the best benefit to be
taken away from this competition.



FIGURE 11 FINAL FOUR ARENA
(Supplied by ME 2110 Department)
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FIGURE 21 FINAL FOUR ARENA DI MENSIONS
(Supplied by ME 2110 Department)
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FIGURE 31 REVOLVING CENTER BASKET DIMENSIONS
(Supplied by ME 2110 Department)
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FIGURE 47 POINT VALUES TABLE
(Supplied by ME 2110 Department)

Activity Point Value
Beating the defense S5or2
Collecting loose balls 5
Shooting baskets 10 or 5

Beating Defense: 5 points if pin is completely within zone;

2 paints if pin is partially in zone.

Collecting Loose Balls: 5 points per ball that is completely within ball storage zone.

Shooting Baskets: 10 points per ball put in the center hole;

5 points per ball put in a side basket.
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FIGURE 51 THE ALUMINATOR
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FIGURE 617 SUB-ASSEMBLY OVERVIEW
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FIGURE 7 1 ALUMINATOR DIMENSIONS
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FIGURE 81 DRIVE ASSEMBLY (SIDE)
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FIGURE 91 DRIVE ASSEMBLY (TOP)
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FIGURE 107 BALL FIRING SYSTEM SUB-ASSEMBLY
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FIGURE 117 SOLENOID TRIGGER FOR BALL STORAGE TUBE
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FIGURE 127 UPPER BALL COLLECTION SUB-ASSEMBLY
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FIGURE 137 LOWER BALL COLLECTION SUB -ASSEMBLY
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