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ABSTRACT 

 This report presents the design planning, construction, 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, the C-2 machine 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 Section C. The Aluminator 

scored an average 8.300 score in the judging competition, ranking 11
th
. Team C, with the 

Aluminator machine, made it to the 38
th
 heat of the March Madness competition with a high 

score of 75 points. In order to develop the concepts for the C-2 machine, many planning tools 

were used to examine and evaluate the aspects of the machine. Tools such as a ñHouse of 

Qualityò, an interrelationship chart, and a tree diagram were utilized to initiate planning for the 

design of the machine. These tools addressed what aspects were most important and needed to be 

addressed. A morphological chart was constructed in order to begin brainstorming design ideas 

capable of accomplishing the assigned tasks. These different ideas were evaluated by an 

evaluation method and scored based on ranked characteristics. A specification sheet was drawn 

up for the chosen design to describe 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 sheet is available to show the completion of the project within the $100 budget. 

The experience of designing, constructing, and using a self-built machine is the best benefit to be 

taken away from this competition. 
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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 

ñplayerò will need to be able to engage defenders, shoot baskets, and pick up loose balls on the 

court. The player will be competing against three other players in the each heat of the 

competition. 

 Two diagonals cut the square playing field to create four zones (See Figure 1). The 

playing field measures 7 feet by 7 feet with adjacent platforms measuring 2.5 feet by 2.5 feet 

from which the machines are to start the competition (See Figure 2). In the center of the court is 

a revolving cylinder that is 1 foot tall and 2 feet in diameter. This cylinder (See Figure 3), with a 

1 foot by 1 foot backboard, serves as the basket and rotates 360 degrees, 6-8 revolutions per 

minute, to give every zone access. There 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 each teamôs zone will serve as the defenders. A 

machineôs is to be able to knock over a defender, defined as being past 45 degrees, without 

removing them from the teamôs zone. Machines may take defenders from neighboring zones as 

well. A defender knocked over and completely within the teamôs zone is worth 5 points, while a 

defender knocked over and only partially within the teamôs zone is worth 2 points. Prior to the 

competition, each team is given 4 identical balls. These balls must be ñshotò into the revolving 

basket. To shoot these balls, a machine must place the balls, by any manner, completely below 

the rim of the basket or within the side basket. Getting the balls into the center basket earns a 

team 10 points per ball, and putting balls into either of the side baskets earns a team 5 points per 

ball. The third task to be completed by the machine is to collect the loose balls in the playing 

field. There are three balls on every zone border as well as several located on the rim of the 

basket. To collect the balls, each ball must be brought completely within the back foot of the 

teamôs zone. Collecting a loose ball will  earn the team 5 points per ball. (See Figure 4 for Point 

Values Table). 

 The most important rules are the size, source energy, and budget constraints and the 

behavior of the machine. The constraints cover size, source energy, budget, and behavior. The 

machine must be able to, initially, fit within a 12x24x18 inch box without ñbloomingò out after 

the removal of the box. This difficulty requires the machine to move or appendages to fold out 



   

2 

from the machine. The machine can only be powered by a large and small dc motor, 2 stepper 

motors, a large and small solenoid, 2 pneumatic actuators, 5 mouse traps, and gravity. 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 project must be documented. Teams must function within a $100 budget, forcing 

the team to plan machine designs very well. Additionally, though machines may enter an 

opposing teamôs zone, no machine can maliciously harm another teamôs machine. The result will 

be disqualification from the 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 

platform using only the energy sources supplied. The teams must also find durable, yet cheap, 

materials from 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 that can compete in the March Madness competition. 

 

DESIGN OVERVIEW ï COMPLETE SYSTEM  

 The C-2 Design is known as the ñAluminator.ò The Aluminator (See Figure 5) is able to 

shoot all 4 balls into the center basket, collect any loose balls on the rim and on the floor, and be 

able to knock over both defenders. The ñBall Firing Systemò shoots all four balls into the center 

hole of the revolving basket. The ñUpper Ball Collectionò collects balls on the rim while the 

ñLower Ball Collectionò collects any pins or balls next to the Aluminator. The ñDefender Plowò 

knocks over the two defenders in the zone. The ñDrive Assemblyò powers the driving force to 

move the C-2 Machine into the playing field. Upon initiation of the competition, the Drive 

Assembly of the Aluminator drives the machine forward into the playing field. The Defender 

Plow, located on the front of the chassis, plows into the defenders, knocking them over. Once the 

machine reaches the center revolving basket, the Ball Firing System shoots the 4 balls into the 

center hole and, at the same time, the Upper Ball Collection and the Lower Ball Collection 

collect the loose balls on the rim and court. The main dimensions of the entire machine are 12 

inches wide by 24 inches deep by 18 inches tall (See Figure 6). The majority of the Aluminator 

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

 The number of tasks needed to be performed requires many subsystems within the 

Aluminator (See Figure 7). 

 The Drive Assembly 

 When the proctor closes the circuit and the competition begins, the Aluminator drives out 

into the playing field.  The Drive Assembly is the driving force that enables the machine to 

move. The Drive Assembly utilizes the large DC motor as the driving force. 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 it, is built into the DC motor (See Figure 8). On the front axle of the 

chassis is a smaller pulley (See figure 9). 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 the Stop Switch (See Figure 8) 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 Plow is attached to the front of the chassis of the machine 

(See Figure 5). As the machine drives forward into 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 the Stop Switch (See Figure 8) is triggered at the end of the driving period, the Ball 

Firing System (See Figure 10) activates. The Ball Firing System uses a pneumatic actuator as the 

energy source of the subsystem. Prior to the competition, the four balls are loaded into the Ball 

Storage Tube. The actuator is located 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 (See Figure 11). 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 Figure 8) is the trigger that fires 

the balls from the Ball Storage Tube. To measure the position of the side backboard, the switch 

measures the location of the side baskets in the revolving basket. The switch is initially closed, 

and is pushed open when it interacts with the wall in between the side baskets of the center 

basket. When the next side basket passes the machine, opening a gap in front of it, the Position 
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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 Figure 12) 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 the Drive Assembly, 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 fall onto the Ramp that sticks out 

from the front of the chassis. The Ramp goes 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 Figure 13) is 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 area. When the Position Switch (See Figure 8) goes through its sequence and fires 

the pneumatic 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 chassis, fall to the 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 to the ball storage area at the back of the zone. 

 

METHODS AND RESULTS 

 House of Quality 

 A ñHouse of Qualityò (See Figure 14) was drawn up initially to show representation of 

the characteristics that the C-2 Machine 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 score points. Shooting 

balls into the top basket scores 10 points, while shooting the balls into the side baskets earns 5 

points. Additionally, collecting loose balls and delivering them to the ball storage area earns 5 
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points per ball as well as knocking down a defender within your zone. There are three immediate 

ways to fail. If a team uses an outside source of energy other than what is supplied by the 

department, the team will be automatically disqualified. The next checkpoint is whether or not 

the machine fits within the 12x24x18 inch box. If a machine does not, it is automatically 

disqualified. Lastly, if the computer coding does not work and the machine does not launch, the 

team will net 0 points.  

 Tree Diagram 

 A tree diagram (See Figure 16) was created in order to more specifically show how to 

obtain the maximum score and what would be necessary. To obtain maximum points, the 

machine will need to beat the defense while keeping them entirely within the zone, scramble for 

loose balls, and shoot balls into the top basket. To be able to beat the defense, the machine will 

need to be mobile and/or have moving 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 created (See Figure 17) shows the physical instantiations of 

several design ideas. Each task is represented by a row, with two rows concerned with the 

movement of the chassis of the machine. The 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 different ideas from using 

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 developed by team C-2. 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 Net (See Figure 18) has a mobile chassis that moves into the playing field. In 

order to defeat the defenders, the Bulldozer design (See Figure 19) is used. The ñBulldozerò (See 

Figure 18) reduces construction and cost by using the chassis of the machine to ram into the 

defenders as the machine drives into the playing field. To collect the loose balls on the playing 
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court, the Ramp Net has a system utilizing nets to collect the balls. The Net (See Figure 20) fires, 

by actuator, or drops, from an arm above, a net on the far side of the balls on the ground. Using a 

stepper motor or a dc motor, the net is retracted toward the machine, pulling the balls with it. To 

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 the chassis. The 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 22) implements new design ideas for completing the 

required tasks. It is also a mobile unit with mobile appendages. The Mouse Trap Bats (See 

Figure 23) 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 them over. The Capsule Shooter 

(See Figure 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 basket. The Scooper Arm (See Figure 

25) is an óLô shaped arm hinged on the front corner of the machine. After the machine drives into 

the playing field, the arm swings out from the front of the machine and scoops the balls on the 

ground, sweeping them towards the back of the zone.  

Evaluation Matrix  

An evaluation matrix (See Figure 26) was 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 the C-2 Machine. A specification sheet (See 

Figure 27) 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 and a team member has been assigned to 

each specification to ensure that it is carried out. The maximum parameter that the machine can 

be is 12x24x18 inches, so the chassis of the C-2 Machine will be 10x16x12 inches. The 

dimensions of the chassis force dimensions on certain other aspects of the machine. The mouse 

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

Prior to the qualifying round, a preliminary competition took place. The C-2 Machine 

scored 53 points over 3 rounds with a high round score of 27 points. 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 came from not being able to 

consistently shoot all four balls into the center basket. By using gravity to roll the balls down a 

tube, timing was a very important concept to the machine. Relying on timing caused mistakes as 

obvious when the balls were deployed from 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 can 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, the machine will 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 center basket were eliminated by implementing a system to rapidly 

fire the balls at the right moment.  This moment is determined by measuring 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 the 38
th
 heat, with a high score of 75 

points. In the first round, the C-2 machine did not trigger because 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 the judging competition, the Aluminator scored an 8.300, ranking it 11
th
 among 

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 reaction-based triggers. This 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. 
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Cost Sheet 

Each team is required to operate under a $100 budget.  This budget does not include 

fasteners, aesthetic (non-functional) parts, or replacement parts for the electronics supplied.  

Only functioning materials that a team put into the machine fell within the budget. An expense 

sheet (See Figure 28) was drawn up to detail the costs of the C-2 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 Aluminator 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 Figure 29) 

 

CLOSING 

 Operating under many constraints, each teamôs machine must be able to accomplish all 

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 constraints include initial size, source energy, budget, and behavior. .  In the 

preliminary competition round, the C-2 machine 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 Section C. The Aluminator scored an average 

8.300 score in the judging competition, ranking 11
th
. Team C, with the Aluminator machine, 

made it to the 38
th
 heat of the March Madness competition with a high score of 75 points. The 

experience of designing, constructing, and using a self-built machine is the best benefit to be 

taken away from this competition. 
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FIGURE 1 ï FINAL FOUR ARENA  

(Supplied by ME 2110 Department) 

 

 

FIGURE 2 ï FINAL FOUR ARENA DI MENSIONS 

(Supplied by ME 2110 Department) 

 

 



   

10 

FIGURE 3 ï REVOLVING CENTER BASKET DIMENSIONS  

(Supplied by ME 2110 Department) 

 

 

FIGURE 4 ï POINT VALUES TABLE  

(Supplied by ME 2110 Department) 

 

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

2 points 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 5 ï THE ALUMINATOR  

 

 

FIGURE 6 ï SUB-ASSEMBLY OVERVIEW  
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FIGURE 7 ï ALUMINATOR DIMENSIONS  

 

 

FIGURE 8 ï DRIVE ASSEMBLY (SIDE)  
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FIGURE 9 ï DRIVE ASSEMBLY  (TOP) 

 

 

 

FIGURE 10 ï BALL FIRING SYSTEM  SUB-ASSEMBLY 
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FIGURE 11 ï SOLENOID TRIGGER FOR BALL STORAGE TUBE  

 

FIGURE 12 ï UPPER BALL COLLECTION  SUB-ASSEMBLY 
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FIGURE 13 ï LOWER BALL COLLECTION SUB -ASSEMBLY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


