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Introduction 

The civilized world requires gasoline, a major fuel that is used for all types of 

transportation. Gasoline is also a major trading import for the United States because of the usage 

of cars in everyday life. Unfortunately, this fuel is being used up at a rapidly increasing rate, so 

the ability to create fuel directly from molecules is being considered as an alternative to fossil 

fuels by B.E.S.T. Robotics. Wetumpka High School Robotics, Inc., in an effort to assist 

B.E.S.T., has found an efficient way to solve this problem by creating Wetu Unleaded, a device 

able to collect molecules such as benzene, carbon dioxide and water, as well as the energy and 

catalyst required for the fuel creation reaction. It must place these items into given storage areas 

in a short amount of time. Wetumpka High School Robotics, Inc. has proven that with our design 

we can perform the games specific goal of creating isooctane.   

This year we followed the B.E.S.T format called product development, which began at 

Kickoff. The beginning of product development is concept exploration (3-4)*.  Multiple 

brainstorming sessions using the participatory design processes were scheduled to allow our 

team to come up with a completed design for the robot. The robot design (19-25) had to meet the 

game requirements and our team’s list of requirements developed after analyzing the game. After 

designing the robot, we began production of the basic structure, and then added sub-assemblies 

to finalize the design. Testing began soon after these sub-assemblies were made and added to the 

base structure. The testing phase allowed us to refine the robot as needed until competition day 

using a continuous product improvement plan. 

During the participatory design process, the entire Wetumpka High School Robotics team 

proposed multiple designs for the robot (15). We then analyzed all designs and combined the 

*Page number or appendix to reference.  A# is appendix page, # is main page number. 
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best ideas together to create one final design. Two of our initial ideas were the scissor lift (A17) 

design and the cross-arm design. The scissor lift design prototype proved to not be stable  

enough to hold the required sub-assemblies on the top platform. The cross-arm design 

had too many functions to be programmed and was also too complicated. Our final robot design 

uses the PLM (Precision Lifting Mechanism) that uses a counter weight system for raising the 

arms. It includes two arms with one claw on each end, a tower, large wheels, and a scoop 

underneath. 

Our main offensive strategies (17-18) for competition are having a fast compact robot 

with its components neatly fitted into a small area, and to keep the robot in our quadrant. Our 

strategies for competition are to capture more than enough inventory in order to keep other teams 

from retrieving them and to keep our quadrant guarded at all times. All the elements we want to 

collect are located in our quadrant; this will prevent our robot from gaining penalties. The 

defensive solution (17-18) was building a robot that gives us the ability to collect more necessary 

game pieces along with the ability to protect our quadrant.  

Each test of the robot on the playing field plays an important role in the construction of 

the robot. Testing ensures that the product performs as planned and insures quality control. If the 

testing shows a malfunction in the robot, we determine the malfunction and correct it. An 

example of a malfunction is if the bottom claw did not reach the floor, we would contemplate a 

redesign of the arm or the claw, depending on the actual malfunction.   
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Engineering Process 

 On August 10, 2009, the first day of school, Wetumpka High School Robotics, Inc., 

viewed the video teaser that was shown at South’s B.E.S.T. “When the machines all stop and 

society slows to a crawl, what will be your reaction?” These are the very words that left the team 

hanging in anxiety. 

 Some teammates thought they would have to create a robot that would be able to extend 

out and gather items as well as combine them to create one single item. To prepare our team for 

the challenge we were about to face, the team was assigned an egg drop challenge where a safe 

haven for the egg was constructed to protect the egg when dropped from a height of eight feet. 

We performed this to see which design secured the egg without any damage. Also, engineering 

curricula were used to teach engineering process and product development, preparing the team 

for the B.E.S.T. challenge. 

 After Kick-Off Day, our team met back at the school, to discuss our ideas. Each team 

member was then assigned to create a design. Prior to presenting our design ideas to the class, 

we made sure that our robot fit the criteria of the game requirements. Each design included 

offensive and defensive strategies (17-18) for the robot. Team members told the group about the 

advantages of their designs. Then the design team gathered all of the ideas combining the best of 

each into a final design for our robot. We then began the engineering process, which includes 

Concept Exploration, Design, Production, Integration, and Testing. 
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STAGE ONE: CONCEPT EXPLORATION 

Concept exploration is the process of figuring out our team’s objective. Our objective is 

to construct a fast and multifunctional robot that will meet the requirements in order for it to 

compete in the B.E.S.T competition. The first thing our team did was sub-divide the members 

into sub-teams with each sub-team having a manager. Each team member’s main job was to read 

the rules until he/she was completely familiar with the rules. In order to equally share our ideas, 

the entire team followed the participatory design process to brainstorm. The team also used the 

different equations for building isooctane to see which one would be the best one to use. We 

concluded that if the chemical reactions were not achieved by any one of the drivers, the next 

collection of inventory had to change in order to put the inventory back on track. After we 

observed the robot and driver’s function, we came up with the final strategy that everyone would 

be able to follow. 

**Below is the strategy we used at War Eagle B.E.S.T. (1.0) 
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Following War Eagle B.E.S.T. and the completion of our robot modification, our team 

revaluated our strategy to come up with a new plan for South’s B.E.S.T. 

STAGE TWO: DESIGN 

Before starting the physical design of our robot, we needed to compile a list of 

requirements. This list would include all the items such as the maximum weight or height, or the 

certain usage of the materials provided. This would also include the goals that we must 

accomplish and the constraints associated with the design.  

 Reading the rules was the most important part of our responsibility this year. There are 

many requirements for our robot in order for it to compete in this year’s B.E.S.T competition. 

The robot must fit a 24” by 24” by 24” size criteria at the start of each match, but once the match 

begins, the machine may unfold and change to any size. However, the weight of the entire robot 

may not exceed 24 pounds. 

 Our main goal for this year’s competition is to get all possible molecules on the field, 

along with trying to get the most valuable inventory. In order for us to reach the CO2 we had to 

enable the robot to reach 53” in height. We must collect all possible inventory items. Our scoring 

strategy is to get most of the lower value items, and then go after the higher value items, which 

will make our score higher. 

 Constraints were one thing we had to look at very carefully during the robot design. 

Welding, brazing, or structural soldering (to certain parts) is not allowed. Soldering electrical 

wire connections using our own solder (except where electrical connectors are provided) is 

allowed and where the connectors are provided, they must be used without soldering to the 

connectors. Materials may not be changed chemically, which was not a big constraint this year. 
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STAGE THREE: PRODUCTION 

 In order to solve our problem we need a fast and multifunctional robot in order to collect 

the necessary inventory. Our design meets all our requirements and desires. The robot includes 

many different parts:  three skids, two wheels, scoop, base, small motor mount bracket with 

threaded rod, three motor mounts, tower connecting platform, two arms, a claw bracket, brain, 

two wheel motors, a claw, servo, benzene acquisition device, and a back bumper.  

 We had a variety of arm structures that all seemed like they had a possibility of working. 

Through the process of trial and error, we discovered that two of our designs, the scissor lift 

(A13) and the cross-arm, were not able to meet our desires. Since the arm had the most difficult 

requirements to meet, our design had to be precise and accurate.  

 The scissor lift was the first arm we designed to see if it was able to meet our 

requirements. Our scissor was made out of several different sections. Each section was made out 

of ¼” and 1/8” plexi-glass and each section was 12” long and 1” wide. The scissor was attached 

to the base using slide rails and a mount block. An alternative design to the scissor lift was the 

PLM, which is the precision lifting mechanism. The PLM was made out of ¾” PVC pipes and 

mounted inside the tower at three different pivot point locations:  3”, 5”, and then 18-½” from 

the base. This device uses a counter balance system to aid in lift. 

Two skids are located at one end of the base, and one of the skids is located at the 

opposite end. The two act together for stability and structural support while the one at the 

opposite end acts as a wheelie skid to minimize robot tipping. The skids are made out of ½” PVC 

pipe. Using an elbow joint at the floor end creates a 90˚ angle at the base end into a sliced T joint 

cut 45° parallel to the base. Each skid was measured and assembled for desired ground clearance.  
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 Wheels were made 14” in diameter. In order to produce the wheels, we extended the 

motor mounting position to allow us to use big wheels for speed but lower the ground clearance. 

We used ½” plywood for both of the wheels. Due to weight, the back end of the robot creates an 

unbalanced robotic system. To fix this problem four holes were positioned 3-¼”from the 

diameter of the wheel at a diameter of 2-½”. This reduced the weight, helping us fix our 

balancing issues. Each of the wheels has a wheel motor block. Tire inner tube was triangular-

patterned ½” in along the perimeter of the wheel.  

 Originally our scoop was a V created from a paint grate. This design had many flaws.  

Initially we thought the flaws were in our scoop shape, but through continuous process 

improvement, we found our problems were, in fact, both material and design shape. The scoop is 

now made from a 4-¼” piece PVC pipe. The top two corresponding 2” by 2-¼“scoop connection 

flaps are bolted on at 2-¼” from the top edge of the base and 1-¼”from each side. The scoop was 

heated and bent 8” in from each end, creating an open ended trapezoid, which fits inside of our 

15” by 14” base.  

 The base was designed to be a 15” by 14” rectangle in plywood. The base holds the 

tower, motor mounts, small motor with threaded rod, BRAIN, and the benzene acquisition 

device. The tower is connected to the base by a box-joint with pivot points, which creates a space 

for our arms to rotate on. The small motor mount was 1-¾” from the edge of the base. The width 

of the small motor mount is 1”. Length and height of the small motor mount is 3”. The motor 

mount on the wheel is a piece of galvanized steel cut into a square with a center hole for the 

motor to attach. The small motor with threaded rod moves the lower arm, which is counter 

balanced with the top arm, so as the bottom arm goes up, the top arm goes down. The screw rod 

pushes down on the aluminum rod that has been threaded to manipulate the arms. The benzene 
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acquisition device was devised from 4” PVC pipes that were cut to 8”, and then cut half-way 

down every inch all around. It was then heated and formed into a 90° angle on the base. After 

War Eagle B.E.S.T., our device needed some modification. Three spokes were cut off on the left 

side of the benzene acquisition to allow smoother claw/arm motion.  

 The motor mounts dictate how the motors are attached to the robot in order to function. 

They are first cut to size, then cut and drilled to fit the motors. Afterwards, they are bent and 

attached to the robot in their correct locations. The motor mount for the arm is one plate; the 

ones for the wheels are two L brackets, and the plates are mounted together to the motor and then 

onto the base.  

 The bottom claw is made from ¼” plywood on the left or the moving side, and then the 

right side is ¼” plexiglass that is stationary and is where the servo is mounted. The servo is also 

attached to the wood that is acting as our rotating clamping claw. At the end of our bottom arm is 

an arm bracket with aluminum rod going through the pivot point, creating a hinge for our claw to 

flip down from our restricted area. Following War Eagle B.E.S.T., we decided to remove the 

bottom claw from the arm mechanism.  

 For the upper claw a heat-treated and twisted ½” PVC pipe rises up to arch forward. At 

the start of the arch, the PVC pipe forks into two fang-like structures to allow the CO2 to be 

guided and caught by the claw. Then, a coat hanger was straightened.  The upper claw was 

fashioned to loosely fit a round paint container. Then sections of the wire were twisted into loops 

to allow an aluminum rod to become the pivot point. This was attached to the end of the top arm 

to provide the bottom catch piece for the CO2. Both of these pieces flip down and lock into place 

at the start of the match. Just like a cobra, each side of our fang apparatus “fangs” out to guide 

the CO2 into our grasp, allowing us to score. Our upper claw proved to be inconsistent for  
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grabbing CO2; therefore, our team came up with an alternative design for the upper claw. This 

claw was dimensioned with a 6-½” diameter for grabbing CO2, a 1-¾” diameter for collecting 

energy, and 10-½” diameter overall for the claw. Using 3D CAD and testing we derived that 

more space was needed inside the CO2 section of the claw, so we recessed one-half of the left 

side of the claw and made the total diameter 7”.  

STAGE FOUR : INTERGRATION 

 

 There were many different alternative designs (13-16) that were used for this year’s 

robot. The parts of the robot were changed during design, production, and testing. The scoop, the 

upper claw, benzene acquisition device, and the bumper were all pieces that were made and then 

modified because of some type of malfunction. All the other parts were the correct and perfect 

pieces for our robot.    

 The scoop was first shaped into a V; this caused the inventory to get jammed while 

driving the robot. That problem had to be fixed because time was limited in competition, and we 

could not afford to waste time. We changed the form into an open ended trapezoid shape, which 

prevented the inventory from getting caught. Our original upper claw design created the problem 

of having so many controller options taken up by motors and servos that we had no joy stick 

positions left to control our top claw. Our alternative stationary, unpowered claw design solved 

this problem while allowing us to position the CO2 at the operation station. When trying to 

acquire the benzene tanker, our initial goal was to grab the carriage bolt and guide the benzene 

tanker into the benzene storage facility. Then we realized that going for a bigger target, one 

entire end of the benzene tanker, would enable us to maneuver the tanker without having to be so 

precise and hence motivated our redesigned benzene acquisition device. 

 

9 



STAGE FIVE: TESTING 

 

 Throughout the engineering process, we followed the specifications set by our CEO and 

War Eagle B.E.S.T. Our robot had to meet certain constraints and specifications (which were 

mentioned in the concept exploration earlier) to be successful in building and collecting as much 

inventory as possible in three minutes. After we analyzed the specifications, we came up with 

techniques that could help the robot gather inventory (11-12).  

 As the design team tested the robot on the mock up playing field, we performed practice 

matches, in which we practiced grabbing and placing as much inventory as possible. Everyone 

on the drive team learns the proper maneuvers and becomes familiar with the runs needed for our 

team’s game strategy.  

** Recorded scores of each driver on consecutive runs without the upper claw.  

Driver: Energy  Catalyst H2O  

Cassidy 3 3 3 

Quinton 3 3 3 

Nathan 3 3 3 

Ryan 3 2 2 

Megan 3 2 2 

Jonathon O. 4 3 3 

Katie 3 3 1 

Alex 3 3 3 

Robert 3 3 3 

** Scores after the upper claw was attached.  

Driver: CO2 Energy Catalyst H2O 

Cassidy 1 1 1 2 

Quinton  3 3 3 

Nathan  3 3 3 

Ryan 1 3 2 3 

Megan  3 2 2 

Jonathon O. 1 3 2 1 

Katie 1 3 3 3 

Alex  4 3 3 

Robert 1 3 1 1 

** Scores with the new claw since War Eagle B.E.S.T. 
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CONCLUSION 

 The engineering process helps us to reevaluate the robot design (19-25), make necessary 

alterations, and perform many tests ensuring its quality. By following the steps of the 

engineering process, we have an efficient robot that can acquire the most inventory items. Our 

robot also moves at an efficient pace to gather as many items as possible in three minutes. Wetu 

Unleaded is strong enough to drag, lift, and place the necessary amount of inventory. Through 

many struggles with the design, we managed to create an outstanding, functional robot that meets 

the requirements decided on by our team.  
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Brainstorming Approaches 

Objective: Build a robot that can move fast and acquire the most inventory items in order to 

produce isooctane. 

Problem: How do we construct a robot that is both fast and multifunctional which can acquire 

the most useful inventory in one round, protect it from opposing teams, and keep our 

retrieved inventory in our quadrant all in three minutes without getting penalties? 

1. How do we enable the robot to reach the needed extended height while staying within the 

required measurement?  

 A scissor lift with a 53” reach to achieve the CO2.   

 Extending claws or arms that can reach 53” to get CO2. 

2. How will the robot collect and transport benzene tankers to the safety storage location? 

 Use the claw to enclose around the carriage bolt of the benzene tanker. 

 Use the claw to enclose around the PVC pipe of the benzene tanker.  

3. How do we collect the entire inventory possible to build isooctane?  

 A scoop underneath the chassis can collect inventory 

 A detachable collection device could be placed in front of the catalyst 

dispenser to collect catalyst 

Gathering Techniques: 

1. Gathering inventory from the neutral zone: 

 Pros: Energy is worth more than water or catalyst. 

 Cons:  If we move out of the neutral zone and another team tags us, we get 

a 20-second penalty; then they will get the points. 
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2. If we only stay in our quadrant: 

 Pros:  We will not get any penalties. 

 Cons: We won’t be able to receive as much inventory as the opposing 

teams that do not stay in their designated quadrants. 

 

 
**Brainstorming ideas that team members drew 

 
 

                                       
** 
 

 

 

**Brainstorming ideas along with 

measurements 

**Sketches of brainstorming 
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Alternative Designs  

During the participatory design process, our team members presented a number of 

possible designs (15, A-6, A-13) to meet our list of requirements.  Through our team’s use of the 

continuous improvement plan, our engineering team is constantly looking for alternative ways of 

improving our product.  This year’s robot could not be a simple design because it needed to be 

multifunctional. 

Several of our early designs were revised during the prototype and testing phase because 

of inappropriate torque requirements or stability issues.  Our scissor-lift device (A13), though 

elegant, could not lift or remain stable to perform the needed task.  Therefore, the team used the 

counter-weighted PLM to achieve lift. 

The team also tested different designs on the scoop and claws.  The scoop (A23) was 

originally a V shape, but was modified after testing into an open ended trapezoid.  Our robot 

originally had two moving claws, with two servos opening and closing them at the same time.  

With testing, this design proved ineffective and was modified into one moving claw (A18-19) 

and one stationary claw.  Following War Eagle B.E.S.T., we made modifications to our scoop 

and our claws. The scoop is now made out of PVC pipe, and we removed the bottom claw and 

designed a top claw to perform all the tasks that are needed to move all of the inventory items to 

their proper places. 
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**This chart below shows how our design for War Eagle B.E.S.T. differs from our previous 

designs, either in past years, or in the early stages of design for Alabama B.E.S.T.  

Robot Design Alternative design 

Claw (A18-19) From the previous year at South’s B.E.S.T., our robot used a forklift 

mechanism to lift the pieces of the plane off the shelves. This year at War 

Eagle B.E.S.T. we had two claws on our robot. After this competition, we 

decided to redo the claws. We removed the bottom claw and replaced the top 

claw with a semi-circle piece of plexi-glass covered with friction tape.   The 

bottom claw was used for grabbing H2O, catalyst, and energy and the top 

claw is used to grab the CO2.  After War Eagle B.E.S.T., the new design for 

the claw was designed to complete both the top and bottom claws’ duties. 

Robot Size  This year our robot is bigger than last year’s because we need to 

accommodate more parts on it in order to grab the necessary inventory items.  

Wheels (A21-22) Our wheels this year are slightly larger than last year’s. Last year’s robot had 

an 11’’ diameter, and this year’s has a 12’’ diameter for a faster robot. 

Tower Design 

(A17) 

Contrasting last year, the tower does not hold all the electronics, and it does 

not have two levels. This year inside the tower is the motor that activates the 

arms. 

Motors (A16) This year we have three motors on our robot. Two out of the three are 

attached to each wheel, and one is attached inside the tower on a threaded 

rod. 

Base (A17) Our base is larger than last year. This year it is a 15’’ by 14’’ platform and 

allows us to fit the BRAIN, tower, and wheel motors on the base 

Forklift 

Mechanism 

Last year we had a forklift to pick up the pieces of the plane off of the 

shelves. This year, for War Eagle B.E.S.T., we had an aluminum paint grate 

attached to the bottom of the base used as a scoop to pick up pieces. 

However, after War Eagle B.E.S.T., we realized that our ground inventory 

was getting caught by the scoop. Our new scoop now is made from PVC 

pipe. The PVC pipe is stiffer and more useful.  

Skids Last year we used the skids to transport FOD; this year we use the skids to 

keep the robot stable. 

 

 

 

This chart illustrates our process of altering designs. Plan B is our alternative or backup plan.  

Robot design Plan A Plan B 

Base (A17) 15’’ by 14’’ to allow more room for tower, 

BRAIN, and motors attached to the wheels. 

Modify the tower to allow 

changes in the arms designs.  

Wheels (A21-

22) 

The wheels of our robot measure 12’’ in 

diameter. The wheels are ¾” thick. There are 

four holes cut in our wheel. The center of the 

wholes measure 3- ¼” from the center of our 

wheel. 

Smaller diameter with treaded 

wheels prevents from being 

slow, but also makes the robot 

a little bit unstable. 
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Scoop (A23) Scoop that is in the form of a trapezoid. The 

scoop is made out of PVC pipe that was 23’’ 

long, and 4-¼” thick.  This prevents the balls 

and/or cans from getting stuck under the 

scoop. 

Our prior design of a “V” 

shaped metal painter’s grate 

 

Arms (A18,19-

20) 

The bottom arm consists of two PVC pipes 

that work as counterweights. The top part of 

the bottom arm is 21’’ long and is filled with 

aluminum and steel rods. The bottom part of 

the bottom arm measures 20’’ long.  The top 

arm measures 22’’ long, and has holes cut out 

that are on the side of the PVC pipe and on 

the top. The holes on the top have a diameter 

that is ½” wide, and the holes on the side are 

3/8”wide.  

The counterweighted motor 

and rope-powered arm. 

Claw(A20) The top claw is a universal claw that can grab 

CO2 and drag benzene tankers. It is made out 

of plexiglass, and covered with friction tape. 

The upper claw would be 

made out of PVC pipe that is 

in the form of the fang of a 

cobra.  There would also be a 

coat hanger formed in the 

shape of a semi-circle. The 

coat hanger holds the CO2 in 

place as we move it to the 

processing cell.   

We used a decision matrix to evaluate our strategies based on several factors. We first 

listed the different influential factors that relate to our game plan and robot design. We then 

decided which factors or “decisions” were most important and rated them accordingly. Each 

factor was then assigned a point value with the total amounting to 100 points. After making a list 

of our possible strategies, we rated them in consideration of each factor. The point value 

previously assigned for a certain factor was the maximum number of points a strategy could 

receive for that factor column; strategies that benefited our robot design with those factors were 

given high point values for those specific areas. In the end, the scores of each strategy were 

tallied, and the strategy with the highest score was implemented into our game plan. The winning 

strategies were to go for multiple inventory, score overflow inventory and have consistency in 

scoring. 
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Offensive/ Defensive Strategies 

 This year the competition is mainly an offensive game. The robot does not necessarily 

interact with other robots. The outcome of our score solely depends on our robot’s ability to 

collect and store the inventory. The robot must be fast, and the driver must make no mistakes 

when collecting as much inventory as possible because this competition is independently based. 

The spotter must be aware of what to do and which inventory to score. With these thoughts, and 

our strengths, weaknesses, opportunities and threats, (A10) in mind, we came up with our 

strategies.  

Offensive Strategies for Competition:  

- Have components neatly fitted on robot 

- Identify the goals as quickly as possible 

- Keep the robot mostly in our quadrant 

- Determine the needed inventory for completing the reactions and therefore score as 

much as possible in each round 

- Have a fast robot able to collect items from the neutral zone more quickly than others 

Offensive Solution:  

- Design the robot for speed but without a lot of overhanging sub-assemblies. 

- Physics determines that bigger wheels increase speed and distance. 

- The inventory we need for a score of 2333 and all other numbers in future rounds can 

be found in our quadrant. 

- Train the drivers and spotters to recognize what they have collected and what they 

need in the next round.  
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Defense Strategies for Competition: 

- Plan on capturing more than needed inventory in order to keep other teams from 

scoring with them. 

- Keep our quadrant guarded at all times. 

- Catch our catalyst to insure our goals each round. 

Defense Solution:  

- Robot design gives us the ability to collect multiple game pieces without stopping. 

- Driver to get all possible inventories in our quadrant and neutral zone. 

- Catalyst blocking device to keep our catalyst in our quadrant for easy acquirement.  
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Strategy: 

In order for our team to obtain the most possible inventory, we came up with multiple 

strategies to win. (A25-26) Planning these strategies gives our drivers several possible plans for 

Game Day.  Each of our drivers was trained to obtain the inventory in a specific consistent 

manner.  This pattern was:  

Time Inventory 

0-:45  Collect water and catalyst 

:45-1:30 Grab and place 1
st
 CO2 

1:30-2:30 Grab and place 2
nd

 CO2/ hit energy switch 

2:30-3:00 Remaining energy/other inventory  

 

The Overflow Strategy: 

We believe this strategy gives us the best chance of winning South’s B.E.S.T. It provides 

us with the highest obtainable score. In the end we would have four isooctane, giving us a high 

probability of winning. 

 

1
st
 Maximum Collection Strategy: 

 This strategy gives us the 2
nd

 best chance of winning. These calculations would provide 

us with three isooctane. This strategy is easier to achieve than the overflow strategy and gives 

some room for driver error. 

 

2
nd

 Maximum Collection Strategy: 

 This strategy is the 3
rd

 best strategy. It may get us to the finals, but we would most likely 

not win the competition.  

 

Minimum Collection Strategy: 

 This strategy is the 4
th
 best strategy and may get us to the finals but should definitely get us to the 

semifinals. 
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Robot Design 

Before Game Day, we viewed this year’s “teaser” video to start our robot design. We 

followed a design process in which we would include all the information needed. Following 

Kick-Off Day, we developed our problem statement and requirements list. Our problem 

statement is “How do we construct a robot that is both fast and multifunctional, that can acquire 

the most useful inventory in one round, while protecting our inventory from opposing teams, and 

can place our retrieved inventory in our storage receptacles in a three-minute time span without 

getting penalties?” If we can construct a robot that is lightweight, fast, and can reach high enough 

to obtain all inventories, then our problem can be resolved. In our data analysis chart, we 

concluded that we need to collect as much carbon dioxide, water, catalysts, and energy to obtain as 

much isooctane as possible. We also needed to collect as much inventory as we can to acquire 

more units of ethylene, benzene, and naphtha. Therefore, the robot must be able to catch and 

grasp, collect inventory, and store quickly. 

The engineering team developed a final design that consists of a device called the PLM, 

or precision lifting mechanism. The PLM includes two arms, two big motors, one small motor, 

and two claws. Once we had a design and the materials needed, we measured everything out and 

checked it. After everything was correctly measured, the engineering team cut and mounted the 

pieces onto the appropriate place, then evaluated and tested. After testing and evaluations were 

completed, the design was modified, reconstructed, and re-tested. The two claw designs were 

changed into one of our alternative designs, using one arm with a circular clamp and the other 

arm for a counter balance that has proven to be more reliable through testing. 
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Robot Chassis 

The robot's chassis (A22) is a 15” by 14” half-inch plywood platform base, which 

originally was 15” by 12”.  We had to resize the base to the new measurements because when the 

battery, IR, BRAIN, tower, and the motors were all on the base, it did not fit.  So, by making the 

base 15” by 14”, everything fits securely. In the front center of the base is the tower. The motor 

mounts are placed at the front side of the tower on the base and support the motors that rotate the 

wheels. The IR and BRAIN are located in the front right-hand side of the base. The battery is 

mounted behind the IR and BRAIN.  

Tower 

Our tower (A15) is a very important aspect for this year’s objective.  The tower is a 

device that provides strength and stability while providing an attachment point for the arms and 

protection for the electronics. The tower is 19-3/4” tall from 0the base. The dimensions of the 

tower are 19-3/4” by 4-1/2” and 3-1/2” by 19-3/4”. The width of the tower is 3” and made of 

hardwood. The motor inside the tower is attached to a threaded rod to pull the string and lift the 

bottom arm. The tower is located on the base, connected by a box joint with four pivot points, 

which allow a rotating rod to translate rotational motion into vertical motion for the arm. The arm 

pivot points are at 3”, 5”, and 18 1/2” from the base. 

Arm 

The arm (A20) has been a dilemma since day one. We've debated using a scissor-lift 

design (A13), a cross-arm design, and the PLM (precision lifting mechanism). The scissor-lift 

design was the original design that we developed. When the scissor lift was placed in its position, 

we discovered it wouldn’t reach the ground, which is required for our objective, and it also  
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created too many controller movements for what we had left available after wiring other 

components. We concluded that this design would not work, so a third design was planned. The 

PLM design was our final and best design. The PLM is made out of PVC pipe and has two arms. 

One arm is located on the bottom of the tower, and the other arm is located at the top of the tower. 

On the end of our top arm, there is the clamper claw. The top bottom arm is 21”, and the 

diameter is 3/4” and is filled with aluminum and steel rods. The bottom arm is 20” and has a 1” 

diameter. It acts as a counterweight to let gravity assist with the lifting and lowering. When 

tested, it worked efficiently and effectively. 

Claw 

On Game Day, we had two claws, one on the end of each our arms. Following South’s 

B.E.S.T., we decided that the bottom claw should be refashioned and used as the top claw and 

therefore be able to more efficiently collect the CO2. The top claw (A19) from the pivot point is 

8” long. The original upper claw was made of PVC and a coat hanger, and the PVC pipe was 

formed into a cobra-fang shape. The coat hanger was cut and twisted in the middle and bottom. 

The original bottom claw’s left side was held on by a mount bolted onto the arm.  The right side 

opened up to 8”. The claw was created from 1/4” plexiglass on one side, and the other was made 

from 1/4” hardwood. The plexiglass side of the claw would be the stationary side, while the 

hardwood side acts as the rotating, clamping claw. The bottom claw did work as planned, but it 

was easier to modify it into one claw instead of having two functioning at the same time. Our 

new top claw was modified into a Dream-Catcher device. It was created from coat-hanger wire 

and twisted into two circles with a 7” diameter to collect CO2. The fangs above the clamper have 

4” in between both fangs. The fangs were fashioned with a 1”, heated PVC pipe. 
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Scoop 

In order to collect objects on the ground in a fast and precise manner, we placed a scoop 

(A23),  underneath the base to collect ground inventory. The original scoop was made from an 

aluminum excess paint remover grate that had been cut into an open-ended trapezoid. Initially, 

we thought our scoop design flaws were in our scoop shape, but through continuous process 

improvement, we discovered our problems were in both our scoop material and scoop design. An 

improved form of the scoop was made to prevent the inventory materials from stopping the 

robot. The improved scoop was cut from a 23”-long and 4-1/4”-thick piece of PVC pipe. It was 

cut at an arc length of 6”. The scoop’s wall is 4” long and fits in the 2” by 2-1/4” modification 

requirements.  The wall was heated and bent 8” in from each end to fit in our 15” by 14” chassis. 

The entire scoop is 1-1/4” off the ground.  There are three ''flaps'' connecting the scoop to the 

chassis. They are bolted on at 2” and 1-1/4” at the top edge of the chassis and 1-1/4” from each 

side edge. The connection point at the top is 8-1/2” from the top of the chassis, and the other two 

are 6-1/2” from the edge of the chassis.   

Benzene Acquisition Device 

The benzene acquisition device (A23), also known as the “cannon,” is made of a 4” PVC 

pipe cut half-way down every inch all around the edges of the PVC pipe. It was heated and 

molded into a 90° angle on the front of the base. The bottom of the cannon is flat, and the right 

side beside the wheel is also flat.  It is attached by the same bolts used on the skids. The benzene 

acquisition device was first cut into 5” of one piece and then was cut around the perimeter for 

flare. Afterwards, it was heated and bent to create the flare. After Game Day, we took off three 

spokes to allow the arm to have a smoother motion. 
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Back Bumper 

 Since South’s B.E.S.T., we've improved the back bumper that flips down to allow us to 

push all the buttons on the playing field. There are four pivot points that rotate and move the 

bumper at a tangential arc from the back of the tower to a flat rest position parallel to the ground. 

The bumper is made from wood and plexiglass. The wood piece is 14” by 3” and made from 1/2” 

wood panel. The plexiglass arms on the bumper are 8” long. 

Skids 

To make our robot slide smoothly, we have three skids made out of PVC pipe. The two 

back skids are underneath the base at a 45° angle on both sides of the far back corners. The one 

in the front are 1” from the pivot point. It is made out of ½” PVC pipe. From the ground, the skid 

is 3” high. The mount end of the skid is connected to the base, and the slide end is on the ground, 

enabling it to slide smoothly. The back skid acts as a wheelie-bar and prevents the robot from 

flipping over. It's located underneath the bumper. 

Wheels 

The wheels are the same as they were on Game Day, except that we cut holes into them 

in order to lighten the robot. The wheels have a 14” diameter (A21) and have two large motors to 

maneuver them. The rear end of the robot creates an unbalanced system. The holes helped to 

solve our robotic balancing issues as well as counter-weighing the aft end of the robot. The 

measurement between the centers of the wheel to the centers of the holes in the wheel is 3-1/4”. 

The holes are 2-½” in diameter.  The perimeters of the wheels have been geared using a ½” 

triangle pattern to increase traction and mobility. Screws are placed in the circular frame at the 

same center as the holes in the basic frame. The wheel-motor mount is placed and bolted in the  
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center of the basic frame. We added a 1-½” triangular cut into the perimeter of the wheels for 

more grip. 

Electronics 

This is the second year Wetumpka High School Robotics, Inc., has been given the 

B.E.S.T. Robotics Advanced Instruction Node (BRAIN) to use. The BRAIN synchronizes 

everything on our robot with our controller. The first thing we did when programming the robot 

was read the manual. We used the maximum outlets on the BRAIN to follow our complicated 

design. To control the robot with the C program, we had to learn the functions of the program. 

Once we figured out what the functions did, we then designed our program for the BRAIN. With 

our programming, we can control our IR by having a variety of inventory-launching options.  

Connected to the receiver input is the transceiver box, which reads the signals from the remote 

control. The first four outputs of the motor output are connected to the wheels. The fifth and 

sixth output spaces are connected to the one small motor we are using for the lifting power of the 

arm. Finally, the battery connects to the battery input to power the BRAIN. We plan to use the 

infrared (IR) function that releases multiple energy units from the energy generating station 

(EGS) to save our drivers time during the game. 
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The Octane Must Flow 

 As Neil Armstrong said when he walked on the lunar surface for the first time, “One 

small step for man, one giant leap for mankind.”  Because milestones like these are so 

monumental for mankind in general, it is easy to miss the true importance of that first small step.  

It is this small step, the attention to detail, that is the key to success in this year’s Boost 

Engineering Science and Technology, or B.E.S.T, competition.  “High Octane” is the name of 

the competition this year, and our objective is to build a robot that can gather the molecules, 

energy, and catalysts needed to make hydrocarbons, in particular, ethylene, benzene, naphtha, 

and isooctane.  In the competition, these molecules, catalysts, and energy are represented by 

tennis balls, racquet balls, beach balls, and tomato paste cans.  The competition simulates the 

works of researchers around the world to find new fuel sources as our supply of fossil fuels is 

being used up. 

 Hydrocarbons are organic compounds made of carbon and hydrogen.  For example, 

methane, CH4, ethylene, C2H4, and octane, C8H18 are all hydrocarbons.  Almost all hydrocarbons 

on Earth are found in fossil fuels, such as crude oil (Anissimov, 2009).  However, these fossil 

fuels are being used up faster and faster.  The world consumes fossil fuels 100,000 times faster 

than it produces usable oil (Garko, 2009).  Some estimates predict that all fossil fuels will be 

used up sometime between the years 2074 and 2111 (fmyhr, 1998).  The world needs to either 

start producing alternate sources of energy or find a way to synthesize oil without using up the 

world’s supply of fossil fuels. 

 The majority of octane on Earth occurs either naturally in crude oil or is formed through 

the processes that turn crude oil into usable gasoline.  The main process that produces octane is 

known as cracking, which heats up hydrocarbons to the point where the carbon-carbon bonds  
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break, forming lesser hydrocarbons.  Large hydrocarbons with more than eight carbon atoms can 

be cracked down into octane and other low-carbon hydrocarbons.  Another process through 

which octane can be formed is isomerization, in which “straight chain alkanes are converted into 

branched chain isomers” (Helmenstine, 2009). 

 The octane molecule can be bent in a variety of ways.  This is because molecules are not 

two-dimensional, but rather three-dimensional objects.  If octane is arranged in a way that is not 

a linear chain, it is referred to as an isomer.  C8H18 has eighteen different isomers that it can 

form, each of which is easier to burn than linear C8H18 molecules.  Usually the octane in fuel will 

be made of multiple isomers of octane and is therefore known as isooctane.  Examples of 

octane’s isomers include, but are not limited to, 2-methyl, 3-ethylpentane; 2-methylheptane; and 

2,2-dimethylhexane (“What is Octane?,” 2009).  The actual chemical name of isooctane is 2,2,4-

trimethylpentane, which has an octane rating of 100 (Ritter, 2005, p. 37). 

 The octane rating of gasoline used in automobiles refers to the actual percentage of 

isooctane in the fuel.  For example, if a person puts gasoline with an octane rating of 87 in his or 

her car, then that gasoline is 87% isooctane.  The remaining 13% is usually n-heptane, though it 

can be another combination of fuels; n-heptane is a hydrocarbon with seven carbon atoms as 

opposed to octane’s eight.  In gaseous form, n-heptane combusts spontaneously far more easily 

than octane when it is compressed (Brain, 2009; Ritter, 2005, p. 37).  Pure isooctane has an 

octane rating of 100 while pure n-heptane has an octane rating of 0 by definition.  They also have 

“similar volatility properties…” (Hamilton, 1998) 

 High-octane fuel refers to a greater amount of isooctane in relation to n-heptane.  

Because isooctane has an octane rating of 100, high-octane fuels tend to have octane ratings in 

the mid-90s.  Normal “low-octane” fuel typically has an octane rating of 87.  The higher the 
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octane rating, the more energy it takes to combust the fuel.  Low-octane fuel can combust 

spontaneously more easily than high-octane fuel.  When gasoline combusts from compression 

instead of the spark from the spark plug, it will cause knocking or pinging to occur within the 

engine (Brain, 2009).  Because constant, unchecked knocking can damage the pistons within an 

engine, it is important to make sure that the engine is running off fuel with at least the minimum 

octane rating it is designed for; otherwise, the engine can become damaged over time (Ritter, 

2005, p. 37). 

 Unfortunately, less and less octane will be available, either naturally in crude oil or 

artificially through cracking and isomerization, as the world’s fossil fuels are used up.  One 

solution to this problem is to synthesize isooctane from lesser hydrocarbon molecules such as 

ethylene.  These basic hydrocarbons could even be formed from the combination of common 

molecules, such as water and carbon dioxide, with the addition of energy and catalysts.  Creating 

isooctane in this manner is a possible alternative to current gasoline production methods.  This 

year’s B.E.S.T. competition is designed to evaluate the production of isooctane and see if it is 

worth the time and money to conduct further research into the idea.  Today we may be using 

racquet balls, tennis balls, and beach balls for simulating the production of isooctane, but 

tomorrow we may be the scientists working with the actual molecules and atoms, making the 

world a better and more energy efficient place.  After all, finding a cost-effective fuel source 

could be the key to revitalizing our country’s economy. 
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Project VBS 

Even though the school year was over, Wetumpka High School Robotics Inc. wanted 

to take a summer challenge and keep the spirit in them. Our mentor, Mr. Bryan was an 

excellent help during this project, which we called Project VBS. Project VBS stands for 

Vilardi Best (boosting engineering science and technology) Summer. This project was 

also a wonderful approach to give to the upcoming freshman; they got extra help and 

practice for the actual challenge.  

 Project VBS kickoff was June 2
nd

, where we had a pot luck dinner along with 

speeches from captains, Mrs. Vilardi, and Mr. Bryan. Also it was new member inductions 

and sign ups.  They captains explained robotics and showed the new members pictures 

and videos from the past years. Following that was June 11
th

, where the team met up and 

started sketching at our mentor’s house. They went over safety rules, tool usage, and they 

got their mission. The mission was to design and construct a robot that could lift heavy 

objects and move them into safe zones. Next, on June 16
th

, they team incorporated 

individual designs into one final design. On June 20
th

, the captains went over structural 

designs, and showed how table display works. On June 27
th

, designs were finalized. On 

June 30
th

, we finally started designing the wheels and towers of the robot.  

In July, the team didn’t have much to go over. On July 9
th

, the team met at Mr. Bryans 

and brainstormed on the arm and mechanism. On July 14
th

, we continued our 

brainstorming of the arm and mechanism. On July 23
rd

, the team completed the arms and 
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started testing the robot to see if the ideas worked or if we needed to recuperate. On July 

28
th

, we did the prototype test, which concluded in success. 

 

Project VBS 
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Captain’s Log: 
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Captains Log: Day 6 
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Jonathon Oliver Robot Idea 
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Unit One Pert Chart 

 

 

A-7 



 

Gant Chart 
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Root Cause Analysis 
After War Eagle B.E.S.T 

 

   

BRAIN 

Programming 

not the best  

Did not get 

to the tie 

breaker 

switch  

Did not 

collect 

enough 

inventory  

Other teams 

had cogged 

wheels  

IR 

programming 

untested  

Skids get 

stuck on 

platform 

Skids worn 

down from 

practice 

runs/tests 

Claw not 

obtaining 

CO2  

Left CO2 in 

stratosphere  

Dropped 

pieces before 

unloading  

Could not 

balance the 

CO2  

Wheels 

slipping  

Time 

constraints  

Lower claw 

is the only 

way to score 

extra 

inventory  

Claws get in 

way  
IR 

uncertainty  

Robot may not 

score high 

enough to 

compete at 

Alabama B.E.S.T 

 

Takes too long 

to accomplish 

task  
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S.W.O.T Chart 
 

STRENGTHS: 

Team members with previous 

experience with B.E.S.T 

Competition 

 Diverse Engineering team = 

many ideas/suggestions for 

designs 

 Having a very large team 

allows many small groups 

working on different things 

 Team not afraid to voice 

opinion about ideas 

 Having a good leader who 

delegates well 

WEAKNESSES: 

 Having many inexperience 

teammates (underclassmen)  

 Unable to make decisions 

with the design of the robot 

 Being over-confident about 

winning competition 

 Spending more time 

brainstorming than taking 

action on design plans 

 Redesigning in the middle of 

robot production 

 Good documentation is not kept 

nor communicated 

OPPORTUNITIES: 

 Application- how it could be used 

in the future 

 Teaching/Instructing young 

people about the Engineering 

Process to encourage the 

continuation of Wetumpka 

Robotics, Inc.  

 Improve design ideas/strategies 

 Learn how to work/collaborate 

together as a team 

 Encourage friendships, leadership 

skills, community involvement, 

and experience with engineering 

 

THREATS: 

 Other teams being more 

experienced and therefore better 

than our team 

 Other teams getting our 

information and using it against 

our team 

 Our team not making Wetumpka 

High School Robotics, Inc. a 

priority 

 Not building the playing field 

accurately  

 Deadlines are not met 

 Good documentation is not kept 
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Risk Plan 

 A risk plan is a very important aspect of constructing an efficient and complicated robot such as 

Wetumpka High School Robotics, Inc.'s Wetu Unleaded.  When dealing with such a complex machine, 

there's much risk involved.  If our top arm is not light enough, then our arm will drop down and won't be 

stable enough to support our claw.  It also could damage the rest of our robot because of the impact of 

the fall could collapse our lower arm.  Many problems like this happen every day, so we have to work 

hard and make a list to prevent these problems from happening. 

The process of creating a risk plan is very useful and fulfilling.  It has helped Wetumpka High 

School Robotics, Inc. to advance and be prepared for malfunctions.  With the Risk Plan process, each 

division is able to prevent and improvise any malfunctions in their division and continue improving. 
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Engineering Risk Plan: 
Safety/ 

Inventory 

Claw/Arm Base Brain Solid Works Playing Field 

Risks: 
Personal 

injury 

No way to 

open 

Make wrong 

size 

Brain gets 

destroyed 

Will not 

upload 

Can’t meet 

deadline 

Lose parts Not strong 

enough 

Cut holes in 

wrong places 

Programming 

malfunction 

Corrupted 

files 

Will not meet 

specifications 

Break parts Rod to slow Will not meet 

deadlines 

Hook up 

wires wrong 

Lose page IR will not 

work 

Tool failure Claw will not 

close 

Skids dull 

down 

Batteries not 

charged 

enough 

Don’t save Cans launch 

at wrong time 

Mitigating Risks: 
Tool/safety 

training 

Better 

design 

ramming 

Double 

measure and 

build a model 

Appropriate 

placement; 

safety no 

horse playing 

Use different 

CAD 

program 

Get all equipment 

Organization 

and specific 

placement 

Revising 

strategy and 

design for 

more 

strength 

Double check 

measurements 

Back up with 

basic brain 

Re-

download 

files 

Double check 

measurements 

and read 

schematics 

Build spares Dual motor 

power 

Plan/work 

ahead 

Test pre-

practice 

sodering 

resoder 

Save and 

create 

backups 

Push the buttons 

with the robot 

(manual/override) 

Correct usage 

cautiousness 

Use open 

claw as a 

scrape 

Spares Back up with 

other battery; 

keep some 

charged at all 

times 

Make sure to 

save as you 

go 

Continue with 

driving robot 

In case risks happen: 
Get to 

hospital 

Spend days 

working on 

designs 

Build new 

base 

Hope B.E.S.T 

gives us 

another one 

Re-boot 

computer 

Extend 

deadline 

Get new parts Gear it Cut new holes Re-

programming 

Start over Re-cut to 

meet 

specification 

Get new parts Change 

fulcrum point  

Extend 

deadlines 

Re-wire Start over Use manual 

method 

Buy new 

tools 

Connect 

motor 

Make new 

skids 

Try with what 

we have 

Start over Launch 

manually at 

right time 
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Free Hand Sketch 1 
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Wetu Unleaded – Solid Works 3D Production 

This is our completed modified product Wetu Unleaded. This includes all the 

individual part of the robot. Drawings were created following team engineers 

learning the program and before final production of modifies Wetu Unleaded 2.0. 
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Tower Assembly - Solid Works 3D Production 

This picture is a replica of Wetu Unleaded’s tower. It shows both our upper and 

lower arm that counter act with each other.  The small motor powers a threaded rod 

which moves the arms. The tower is held together by box joints.  Finally the tower 

is placed in the center of the base between the motor assemblies.  
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Small Motor Mount Assembly - Solid Works 3D Production 

This is the small motor assembly. The small motor is mounted in the center of the 

tower.  
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Tower/ Base Measurements- CAD drawing 

This is a picture with measurements of where the tower and wheel mounts are 

located on the base. This helped us in balancing out the weight equally upon the 

wheels. Also the tower is the right height needed for us to achieve the 48 inch high 

CO2.  
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Claw measurements- CAD drawing 

This picture is the universal claw which grabs CO2 and drags benzene tankers. This 

picture includes a side view and an upper view of the claw. This drawing was done 

prior to construction and was critical in the design process. 
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Claw- Solid Works 3D Production 

This CAD production shows an upper view of the claw. This helped us figure out 

the diameter of the center part of the claw and overall diameter of the assembly.  
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Upper Arm/ Claw Assembly - Solid Works 3D Production 

This is a 3D solid works production of the redone claw mechanism. It includes a 

servo and servo horn, provided by B.E.S.T. This cad drawing helped us in 

production to determine how to catch CO2 . The claw is held to the arm by a hinge 

like device. This helped with the design by showing exactly how we needed to 

shape and modify our claw to be able to grasp CO2. 
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Wheel - Solid Works 3D Production 

This is a 3D solid works production of the wheel. The design on the wheels is a 

serrated edge for more grip on the carpet and bumps that the robot would 

encounter. Holes were drilled through to reduce weight. The center small holes are 

screw holes that help mount our wheel mounts to our wheels. The CAD drawing 

and design of the wheel helped the engineering team decided how to shape the 

wheel and how to make it lightweight.  

 

South’s BEST Wheel 

Wheel for National Competition 
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\\ 
 

 

Wheel Assembly - Solid Works 3D Production 

The CAD helped the team with the placement of wheels and motors on both edges 

of the base. 
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Benzene Acquisition Device- Solid Works 3D Production 

A CAD production on how the benzene device was designed. 

         

Scoop - Solid Works 3D Production 

This is Wetu Unleaded’s scoop. It  collects H2O, catalyst, and energy. We started 

off with a four inch PVC and bent it with a heat gun to our measurements devised 

from this design.  
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Final Updated Wetu Unleaded 
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