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Team Information 
 

Mission Statement 
Our team’s goal is: 

“To have fun and win a world championship” 
 
This statement represents the desires of the members of Texas A&M University’s VEXU Robotics 
competition team, WHOOP. We value the education of students above all else on our team, and this 
mission statement captures such a belief. VEXU is for fun and academics are prioritized above 
competitive success. 
 
In order to fulfil the other half of our goal and win a world championship we must present high quality 
products at competition. This requires our team to do engineering analysis and design work that goes into 
meeting high standards. We desire for our members improve as engineers and problem solvers. 
Participation on our team gives our members experience with applying the engineering design process 
with the practical challenges that come with it. 

Organization 
Aggie FIRST Robotics is dedicated to promoting engineering education and fostering community in 

undergraduate Texas A&M students and K-12 students around Texas. Although we are open to any 

interested students, most members are FIRST and VEX alumni. Our mission is to continue the mission of 

FIRST into college, providing members with technical, professional, and social growth through 

engineering design challenges, skills training, leadership opportunities, and meeting other like-minded 

individuals. In addition, we want to give back to the robotics community, helping the next generation of 

students receive the same opportunities that we were fortunate enough to receive. 

This year, we are creating a VEX U team. VEX U is a cost efficient and provides our students experience 

working in a limited environment.  

Our organization also volunteers at FIRST and VEX competitions across Texas, helping staff events as 

field crew, referees, judges, announcers, and inspectors. In addition, we help run the Engineering 

Innovation Center’s mobile machine shop wherever the university takes it. 
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Members 
 

Name Subteam Role 

Yan Yao Administration Team Lead Engineer 

James Kinard Administration Officer/Purchaser 

James Trapp N/A Officer  

Madison Drake N/A Officer 

Lucas Tjom Ball Intake Subteam Lead 

Jack Sampson Cap Lift Subteam Lead 

Aaron Quigg Drivetrain  Subteam Lead 

Ethan Reed Shooter/Cap Intake  Subteam Lead/ Integration Lead 

Christian Pawlowicz Software Subteam Lead 

John Sauer Software Subteam Lead 

Cameron Turner Ball Intake Mechanical  

Eric Tseng Ball Intake  Mechanical 

Brett Etter Ball Intake  Software 

Harrison Platt Cap Lift Mechanical 

Alex Campos Cap Lift Mechanical 

Chris Merkle Cap Lift Mechanical 

Kyle Fondon Cap Lift Software 

Ryan Stockton Drivetrain Mechanical 

Fred Bayeh Drivetrain Mechanical 

Aamhish Rao Drivetrain Software 

Eric Roth Shooter Mechanical 
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Haley Kidd Shooter Mechanical 

Raj Chandra Shooter  Mechanical 

Zaal Buhariwalla Shooter Software 

Patrick Zhong N/A Fabrication 

 

Team Structure 
 
Team/Subteam leads: 
This group coordinates meetings and makes decisions that affect the operations of the team. 

 
Drivetrain Subteam: 
This subteam is in charge of the mobility of the robot, including the robot’s interface with the alliance and 
center platforms. 

 
Cap Subteam: 
This subteam in in charge of manipulating caps and interfacing with the scoring posts. 
 
Ball Intake Subteam: 
This subteam is in charge of getting balls into the robot and feeding them into the shooter mechanism. 
 
Shooter Subteam: 
This subteam is in charge of turning flags. 
 
Software Subteam: 
This subteam writes code and integrates specialty sensors. 
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Resources 
The Susan and Mark A. Fischer ’72 Engineering Design Center is a rapid prototyping and 
innovation lab at Texas A&M University. We do most of our work here and have access to laser 
cutters, a water jet cutter, 3D printers, lathes, milling machines, and basic hand tools. 
 
Pasadena ISD Robotics and David Scarcella have supported WHOOP by lending field elements and 
VEX V5 control systems to the team. They have also donated build materials for prototyping and robot 
construction. 
 
NASA Johnson Space Center’s robotics education initiative has provided access to machining 
resources for our members to use. These include a water jet cutter, lathes, mills, sheet metal brakes, and 
basic hand tools. 
 
Member resources have accelerated the team’s ability to prototype and build. Some of our team 
members own hobby-grade 3D-printers that we fabricate many of our robot parts on. This allows for very 
fast turnaround time on parts and is an essential part of our team’s operation. 
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Design Philosophies 
 
From the collective robotics competition experience of our team members we have adopted some 
design philosophies. 
  

Low Center-of-Gravity (CG):  
Building a robot with a low CG makes our robot easier to drive and less susceptible to tipping 
over in matches 

 
Touch It, Own It:  
When our intake mechanism touches a game piece we strive to have ownership of it. 

 
Rollers are (Almost) Always the Answer:  
We believe that almost any game piece can be most effectively picked up with some sort of roller. 

 
Drivetrain is King:  
We must have a reliable drivetrain to effectively compete. If our drivetrain fails, the rest of the 
robot is useless. 

 
Auton Domination:  
We believe that it is critical to win the autonomous bonus in most VEX games and that doing so 
frequently and consistently will set us up for success.  
 
Design for Adjustability: 
By designing our mechanisms to be adjustable it allows our robot to be “compliant” to its 
environment and allows it to tolerate slight differences in game objects and venue conditions. 
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The Game 

Description 
There are four ways to score in VEX Turning Point: caps, balls, parking, and the autonomous bonus. A 
point and percent-of-total-points breakdown of these opportunities and the maximum match score is as 
follows: 
 

High caps Low caps High flags Low flags Center 
platform 

Alliance 
platform 

Autonomous 
Bonus 

Total 
Maximum 
Score 

6*(2pts) 2*(1pt) 6*(2pts) 3*(1pt) 1*(6pts) 1*(3pts) 1*(4pts) 42pts 

29% 19% 29% 7% 14% 7% 10% 100% 

 
Due to the nature of back and forth scoring, there is a specific minimum score required to guarantee a 
match win. Considering that both alliances can park both of their robots on the center platform (unlikely 
but possible), the lowest score required to win is just greater than 50% of this 42 points plus two more 
center parking bonuses. (42+6+6)/2 = 27. If an alliance scores more than 27 points they are 
mathematically guaranteed to win the match.  
Assuming only three robots get parking bonuses (one center park for one alliance and one alliance park 
for each alliance), there are only 42 points available. Without two robots being parked on the same 
platform, an alliance must score greater than 21 points to guarantee a win. 
Given that the majority of out VEXU season takes place later than most VRC tournaments, we can look at 
scores from other tournaments this season to verify our analysis. Looking at vexdb.io, a site that compiles 
data from robotevents.com, we can see that in a list of the highest cumulative match scores for the season. 
The highest losing score is 22 and alliances very rarely lose with greater than 20 points. 
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A Robot Can 
 
In order to effectively choose what our robots will do, we must know what they can do. We start by 
creating an exhaustive list of everything a robot can do in Turning Point that leads to scoring points. 
 
A Turning Point Robot Can: 

Autonomous: 
Identify which way a flag is turned 
Caps: 
Touch it own it 
“Grab” (not quite ^^^) 
Intake caps flat on foam 
Intake caps at angles on field perimeter/platform 
Intake caps flat on platform 
Intake caps balanced on balls 
Intake caps with balls balanced on them 
Not get balls jammed in cap intake 
Flip caps without lifting (fast) 
Flip caps with lifting (slow) 
Flip caps internally (after intaking) 
Flip caps before intaking 
Place caps in corners 
Place caps on alliance platform 
Place caps on center platform 
Place caps on low posts 
Place caps on high posts 
Knock caps off of low posts 
Knock caps off of high posts 
Flip caps already on low posts 
Flip caps already on high posts 
Intake caps from low posts 
Intake caps from high posts 
Hold caps passively 
Hold caps firmly 
 

 
Flags: 
Shoot two flags at once 
Shoot flags from behind 
Toggle low flags directly from behind 
Toggle low flags by friction element on detent 
section 
Shoot flags after the buzzer (auton) 
Shoot flags after the buzzer (teleop) 
Auto aim 
Shoot from hard lineup 
Balls: 
Touch it own it 
Intake balls from corners 
Intake two balls at the sametime 
Intake balls from the corner of the field 
Not get balls jammed in the robot 
Not get entangled with any object 
Traverse ball from the ground to Flag mechanism 
Hold two balls at any time 
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Autonomous Plan 
 
Before narrowing down this list to what our robots will do, we developed a specific path for autonomous. 
Autonomous being nearly half of the match, the only point that the other alliance can’t descore, and the 
first tiebreaker in qualification ranking, we decided to let this path drive our design as mucha s it needs to 
in order to have the best auton possible. 
To capture and communicate our ideas for the path we’d like the robots to take, we used shapes in 
powerpoint overlayed on a top-down image of the field. A new image shows each step the robots take 
throughout the 45 seconds. 
In late September and early October, we developed this path for our robots to take in autonomous: 
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These notes outline the score acquired by executing this routine. The only way it can be beat is if the other 
alliance executes the same thing but shoots flags later in the 45 seconds than us, or if they get both of their 
robots to park on the alliance platform at the same time. 
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Robot will 
 
After identifying all the tasks a robot can do, we narrow down to what our robots will do. We created a 
spreadsheet with each of these robot capabilities and rated each ability for each robot. This process occurs 
in a room with everyone on the team who is interested. We had ~12 people in a room and discussed each 
robot capability for each robot individually. For each robot, the 15” and the 24”, we classified each ability 
as a  “must do”, “put resources into doing”, “don’t put resources into doing” (only take if it comes “for 
free”), and “will not do”. 
When making these decisions, we take into account strategic value of each ability as well as a subjective 
but educated prediction of how difficult each task will be to accomplish in terms of development time and 
robot resources. Additional notes were added during this process such as a “one must” column, meaning 
that at least one of our robots must be able to accomplish that task but we could not make an educated 
decision at that time of which robot it must be. 
Here is that spreadsheet: 
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In order to aid in the decision making in the spreadsheet, we developed a list of tasks that each robot must 
be capable of doing to be able to run the match autonomous routine we decided was ideal. 

 
15” Robot Auton Functionality 

● Pick up cap on a ball at Angle 
● Pick up balls and caps on the same side 
● Internally flip the cap 
● Score over the head low post 
● Shoot from far starting tile at our high flags 
● Acquire cap with 2 balls  
● Score over the head on low post 
● Climb alliance platform 
● Shoot their high flags 

 
24" Robot Auton Functionality 

● Start at angle facing the cap with 2 balls on top closest to the near starting tile 
● Acquire cap with 2 balls  
● Score over the head on high post 
● Drive into our low flag 
● Score tilted cap near platforms 
● Drive into low contested flag 
● Shoot contested high flags after buzzer 
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Brainstorming 

Drivetrain Architectures 
Our drivetrain philosophy is shaped by a driving statement; “Drivetrain is King.” By that statement we 
mean that the drivetrain must be allocated the necessary resources to be effective and reliable. If our 
drivetrain fails then the rest of the robot’s mechanisms are also useless. This driving statement leads us 
toward a few known, reliable drivetrain architectures. If the game requires we would consider other 
drivetrain architectures such as, holonomic drivetrains or tank treads. 
In our game analysis we did not identify any elements of gameplay that would require any unique 
drivetrain capabilities other than being able to drive up the platform. This lead us to focus our resources 
on the three types listed below. 
 
4 Wheel Drive 
 This drivetrain consists of just 4 wheels, all powered. The front two are omni-directional wheels 
and the back two are traction wheels.  
 
Pros:  

● Lightweight, only consists of 4 wheels. 
● Can be direct driven with up to 4 motors which is more efficient than using a gearbox. 
● Many high school VEX EDR robots have proven that this drivetrain architecture is able 

to navigate the platforms effectively. 
Cons: 

● To effectively navigate the platform the area between the wheels needs to be cut out to 
clear the platform or; 

● The wheels need to be very large to prevent the frame from scraping the platform. This 
leads to a higher center of gravity and and increased risk of tipping over. 

● Is relatively difficult to drive as the robot does not turn about its center of geometry.  
● Since the robot does not turn about its center of geometry this makes writing consistent 

autonomous programs more difficult.  
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6 Wheel Drop Center 
This drivetrain consists of a traction wheel in the center with omni-directional wheels on the 
corners. The center wheel is slightly larger in diameter or mounted slightly lower than the other 
wheels. 
 
Pros: 

● The center drop allows the robot to have less turning scrub. This allows it to turn faster 
and draw less current when turning. 

● Turns about its center of geometry making it easier to drive and easier to write consistent 
autonomous programs for. 

● Our most experienced drivers have the most experience with this type of drivetrain. 
● Can be direct driven by up to 6 motors. 

 
Cons: 

● Is heavier than a 4 wheel drive since it has 50% more wheels, bearings, and shafts. 
● The VEX EDR traction wheels are smaller in diameter than the traction wheels. This type 

of drivetrain would require custom manufacturing wheels. 
● From what we have seen from high school VEX EDR robots, this drivetrain goes up the 

platforms quite violently. This increases the likelihood of tipping over. 
 
8 Wheel Drop Center- this drivetrain is very similar to the 6 wheel drop center except that it has 
two wheels in the center that are dropped. 
 
Pros: 

● With 8 wheels, smaller wheels can be used. This allows the robot to have a lower center 
of gravity and allows the frame to be lower to the ground. This also benefits other 
subsystems as they have more height to build their mechanisms. 

● CAD prototypes have shown that it could go up the platforms smoother than a 6 wheel 
drop center. 

Cons: 
● Is twice as heavy in theory than a 4 wheel drive train. 
● Very high part count increases manufacture and assembly time. 
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Lift Architectures 
The lift is the mechanism that we plan to use to get the caps to the appropriate height to be 
scored on the high posts. When considering lift concepts we are taking into account how they 
affect our center of gravity when in use. 
 
Elevator 
An elevator is a linear mechanism that consists of bearings riding on some structural element that 
is used to extend vertically in height. 
 
Pros:  

● Center of gravity does not change laterally like it does with a simple arm or 4 bar. 
● Is very compact. 
● Easier to make rigid. 

Cons:  
● Has a high part count. 
● Ball bearings are heavy. 

 
4-Bar Arm 
A 4-bar linkage is linkage that keeps its end effector parallel throughout its entire range of 
motion. 
 
Pros: 

● Is simple to build. 
● Keeps end effector parallel. 
● Relatively low part count. 

Cons:  
● Center of gravity changes throughout the rotation of the linkage. 
● Has a height limit based on robot starting size. 
● Is difficult to make very rigid. 
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Reverse Double 4-Bar 
A 4-bar linkage that is mounted on top of another 4-bar linkage. 
 
Pros: 

● Is linear. 
● Some team members have experience.building this type of lift. 

Cons: 
● Extremely high part count. 
● Very heavy. 
● Hard to make stable at full extension. 

Cap Intake Architectures 
 
Roller and Dustpan 
An intake which sucks the cap in between a spinning roller and a thin plate. 
 
Pros: 

● Is simple. 
● Only one actuator required. 
● Team members have experience with this type of intake. 

 
Cons: 

● Dustpan scrapes along the floor and could possibly damage the field. 
● Dustpan is easy to damage. 
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Pincher Intake 
An intake that uses some sort of claw or pincer to grab the cap. 
 
Pros:  

● Is simple, has a low part count. 
● Can easily be built using pneumatics. 

Cons: 
● Is not a touch it own it intake 
● Requires the drivers to be more precise with their alignment. 
● We currently don’t plan on using pneumatics, making this intake architecture harder to 

design and build. 
 

Ball Intake Architectures 
The ball intake is the mechanism that we will use to acquire balls and bring them into our robot. 
 
Top Roller Intake 
An intake in which a spinning roller contacts the top of the ball and sucks it into the robot. 
 
Pros: 

● Is a touch it, own it intake. 
● Is simple to design and build. 

Cons: 
● Does not center game pieces. 
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Shooter Architectures 
The shooter is the mechanisms that allows us to score high flags. 
 
Catapult 
A shooter that pulls back an arm, extending springs or elastics, and then releasing to launch balls. 
 
Pros: 

● Is not dependent on the compression of the ball, is more fault tolerant. 
● Can launch two balls at once. 
● Is lighter than most other alternative architectures. 

Cons:  
● Has a relatively long reload time. 
● Takes up a large amount of volume. 
● Is difficult to mount on a turret. 

 
Linear Punch 
A shooter that linearly pulls back springs or elastics and then released to propel the ball forward. 
 
Pros:  

● Is simple and light to build. 
● Takes up very little volume. 

Cons: 
● Cannot launch two balls at once. 
● Has a relatively long reload time. 
● Relies on hitting the ball in a specific spot every time. 

 
Flywheel- a wheel spinning at a high speed which contacts the ball and quickly accelerates it 
towards the target. 
 
Pros:  

● Can achieve a very high fire rate, >10 balls per second. 
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Gantt Chart 
 
Below is the Gantt chart for our teams robot build schedule. We intentionally have a very aggressive 
schedule and know that we will likely fall behind. This is why we don’t plan for any work to be done in 
the weeks leading up to the state championship in February. This way we have a buffer on our deadlines. 
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Shooter Meeting 1: 29 September 2018 

Plan 
Introduce shooter subteam, establish weekly meetings, brainstorm shooter ideas 

Progress 
The shooter subteam discussed what prototypes we might want to build. Brainstorming and further 
narrowing down led to this list of potential ball shooting mechanisms: 
 
Double Catapult 

Ball position on arm 
Release angle 
Tension 

Puncher? 
Tension 
Head shape, affects consistency? 
Impact vs constant contact 
Release angle 
Figure out how to “turret” it 

Flywheel  
Adjustable shot angle 
Adjustable flywheel mass 
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This flywheel prototype uses the 600rpm free speed motor cartridges with an external 80:12 reduction for 
a theoretical free speed of 4000rpm. The wheel is a custom 3d-printed hub wrapped in rubber bands and 
has holes around its perimeter to insert steel rods for added inertia. The steel rods are placed as close to 
the outside of the wheel as possible to increase their effect on the moment of inertia of the wheel. Various 
configurations of mass can be added as there are 24 slots for steel rods, allowing for any axially 
symmetric configuration. 
 
Full turret; build in the future so the software subteam can test aiming algorithms 

ANTI BACKLASH 

Ending Analysis 
We have established weekly meetings on Tuesdays for the shooter subteam. We have a list of options for 
shooting balls and will decide which to pursue in prototypes in the next meeting. 
 
A CAD model of a flywheel prototype has been created and will be built and assembled in the following 
week. The parts are primarily to be 3d-printed or laser cut from ¼” plywood at the FEDC. 
  

30 



 

Drivetrain Meeting 1: September 29th 2018 

Plan 
Introduce the base subteam. Develop requirements for the initial base prototypes. 

Progress 
Skills Robot can: 

● Drive onto platform 
○ No need for staying power 
○ Center parked 
○ Alliance parked 
○ Straight to center 

● Move at a speed 
○ Fast 
○ Slow 

● 15”x15” 
● Wheel configurations 

○ 2+2 
○ Omnis 
○ Modular? 
○ Compliant wheels 

● Sensor mounts 
○ Encoders for wheels 
○ Trackball 
○ IMU - closer to center 

● Modularity for teleop vs autonomous? 
● Engineering notebook notes 
● Shifting 

What should prototype do: 
● Find ideal wheel configuration 

○ Wheel size 
○ Wheel type 
○ Center to center distance 
○ 6 wheel drive 

● Wheel base speed 
○ Balance speed vs motor amount vs power draw 

■ Max 2.5A per motor 
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○ Really modular gearbox 
○ How many motors can we have from other subteams? 
○ Raj records power draws from motor ports 

● Ball height vs platform height testing 
● Sensor mounts for: 

○ Encoder on wheels 
○ Adjustable IMU mount 

● Maybe flat top for other subteams? 
● Build it out of EDR 
● Bellypan 

 
Testing things: 

● Possible wheel configurations 
○ 6 wheels 

■ Omni, traction, omni 
■ Traction, traction, omni 
■ Omni, omni, traction 

○ 4 wheels 
■ All omnis 
■ All traction 
■ 2+2 

● Possible wheel types 
○ Omnis 
○ Compliant 

■ All the durometers 
○ Colson 
○ Wraps 

■ Colson scraps 
■ Around compliant wheels 

● Possible wheel sizes - limit 
○ 3.25” 
○ 4” 
○ 6” 

● Main configs we want to test are: 
○ 6 wheel 4” 
○ 4 wheel 6.5” 

● Gearing 
● Motor amount testing 
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Below is a prototype of a shaft Ryan machined at NASA that is ¼” square on the end to fit into a motor 
but is ⅜” hex on the rest of the shaft to fit into wheels and pulleys. 
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Ryan also worked on a prototype of a belt-in-tube drivetrain. Ryan has a lot of experience with 
chain-in-tube drivetrains in which the wheels are connected with chain and sprockets that are inside a box 
tube. This keeps the chain contained, prevents it from skipping teeth, and has proved to be very reliable as 
no tensioning is required. We wanted to use a similar method using belts, as they are lighter, smaller, and 
more efficient than chain. To save as much space as possible Ryan turned down the flange of a couple ⅜” 
Thunderhex bearings from VEXpro so thy would fit inside a tube. The photo below shows this. 

 

Ending Analysis 
Tasks have been delegated to accomplish this weeks goals. We hope to have multiple drivetrain 
prototypes designed by the end of next weekend. 
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Cap Meeting 1: September 29th, 2018 

Plan 

● Meet the team 
● Define requirements 

Progress 
The subteam got together and began tackling the cap portion of the game together. We started off by 
defining exactly what our subteam’s role in the overall project was and came up with a subteam mission 
statement: design a system that takes care of the cap entirely from acquisition to scoring. We then 
strategically defined some system features: 

● Quickly acquire caps with control to maintain ball stability on caps 
● Use a maximum of 4 motors and avoid pneumatics if possible 
● Minimize space to give shooter more volume 
● Score from front and back 

 
We also had lower priority goals in case we have extra time to work: 

● Use lifting mechanism to pick up partner on middle platform 
● Intake caps from front and back 

 
With these objectives in mind, we started comparing mechanisms to help us decide how to manipulate the 
cap. We decided there were 3 separate mechanisms for manipulating the cap that we deemed necessary: 
 
Lift ideas 

-double reverse four bar (possibly use for prototyping linear motion?) 
-pros: easy to build, light, fast 
-cons: unstable, takes up space, finicky 
-notes: uses sides instead of center of robot 

-cascade elevator (three stages) 
-pros: compact, fast, stable, can be built in different areas 
-cons: difficult to build, elastic assist problems 

 
Intake ideas 

-double roller 
-pros: reliable, fast, secure 
-cons: heavy, bulky, blocks ball intake 
-notes: needs to get out of ball intake’s way without vertical expansion 
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-dustpan roller (pros and cons similar to double roller except for noted changes) 

-pros: smaller than double roller, allows for forklift action 
-cons: less secure and reliable than double roller 

-passive 
-pros: no motor, small and light, forklift action, fast 
-cons: requires precision, insecure, unreliable 

-claw 
-pros: doesn’t block ball intake, secure, forklift action, reliable, light 
-cons: requires precision, may not be durable 

 
We discussed needing a flipper but ran out of time for brainstorming. 

 
We also discussed integrating sensors for detecting color, arm position, and cap intake status. 

Ending Analysis 
To answer exactly which mechanisms we want to use, we must prototype to answer our questions. The lift 
mechanisms will need to be discussed with other leads as space and geometry will be top priority. Intakes 
will need to be fully prototyped to discover the nuances of cap geometry. We ran out of time before we 
could discuss flippers so next meeting will lead with flipper mechanism brainstorming. 
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Shooter Meeting 2: 5 October 2018 

Plan 
Build a 2-ball catapult capable of flipping the top two flags with one shot. 
 
Resources available 

Motors (9 currently, 6-10 more on their way soon) 
Order parts 

Timeline 
Grant kits in mid-late November 
Skills 12/15, 1/19, State 2/23, Worlds 4/24-4/27 

 
Test Procedure for potential flywheel prototype 

Determine accuracy and consistency 
Find out where we can shoot from 

Desire to make: 
Friendliest cross-field shot 
Cross-field shot from alliance park 
Same-side shot from alliance park 

VEX order 
Flex wheels 
Foam 
Urethane belting 

Progress 

Using EDR structure and rubber bands, we built a proof-of-concept prototype for shooting two balls at 
once. Shooting from ~48” from the front of the post, this prototype can flip the top two flags with ~80% 
consistency. 
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Parts have been made for the flywheel prototype and assembly will begin soon. 

 
 

Ending Analysis 
In order to learn more about this potential design, we will need to build another prototype that fits within 
the size restriction of the 15” robot. Reliability could not be tested well on this model because it was 
being pulled back and released by hand. Future prototypes should try to eliminate this variable. 
Assembly of the flywheel shooter prototype will begin next week as well.  
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Drivetrain Meeting 2: October 6, 2018 

Plan 
Review drivetrain prototype designs and discuss changes before manufacturing and assembly. 

Progress 
Goal is to build 2 drivetrain prototypes , one that is a 4 wheel and an 8 wheel 

● 8 Wheel drive EDR  prototype has promise with a 240 RPM drivetrain speed 
● Need to build higher quality, custom  8 wheel drive 
● Need to design custom 3.25” wheels that are larger than the VEX EDR omni-wheels. 
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Below is a photo of the 4 wheel drive and 8 wheel drive VEX EDR prototypes. We plan on taking the 
lessons learned from the 8 wheel drive and developing a higher fidelity prototype of an 8 wheel drivetrain 

 

Ending Analysis 
Have a laser cut prototype 8 wheel drivetrain built by the end of next weekend and have all testing 
completed. Hopefully start to pick a drivetrain architecture for the skills robot. 
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Drivetrain Meeting 3: October 8th, 2018 

Plan 
Complete a design review of the wood 8 wheel drive prototype and then create drawings to send to the 
laser cutter. 

Progress 
We want to We want to have the wood 8 wheel drive prototype driving around buy the 14th. To meet this 
goal we need: 

● The EDC to laser cut our drive plates and gearbox plates. 
● We need Ethan and Ryan to 3D print the custom traction wheels, custom sprockets, and cross rail 

end caps on their printers. 
● We need other base subsystem members who are free to cut the 1”x1” box tube cross rails to the 

correct length to connect the drive pods together. 
 
Below is a screenshot of the CAD of the laser cut 8 wheel drive prototype. 
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Ending Analysis 
We believe we currently on schedule to get the skills robot drivetrain built in time for the Pasadena ISD 
vex event on December 15th. We are still trying to push an even more aggressive schedule to give the 
software subsystem as much time as possible to write a programming skills autonomous mode. 
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Drivetrain Meeting 4: October 12th, 2018 

Plan 
We want to thoroughly test the drivetrain prototypes and steer towards the architecture we believe is best 
for the skills robot. 

Progress 
We have the high fidelity 8 wheel drive prototype driving around. It doesn’t go up the platform as 
smoothly as we thought it would however, it still does have some promise and we are continuing to 
pursue it. The fact that it gives us more height to build other robot mechanisms since the drive rails are 
lower to the ground makes it very compelling to pursue this drivetrain architecture. 
 
A few things we want to improve on the 8 wheel  drive prototype are: 

● Add more rubber bands to the center traction wheels and zip tie them on to prevent the thrust 
loads from turning from ripping them off. 

● Re-design the gearbox plate for a gear ratio with more torque. 
● Improve shaft spacing on the gearbox output shafts and re-imagine where the shaft collars go. 
● Add a flange on the custom traction wheels to help keep the rubber bands on. 

 
Below are pictures from the manufacturing and assembly of the 8 wheel drive wood prototype: 
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Ending Analysis 
We met our goal of driving the 8 wheel drive prototype around by two days. We are happy with the 
amount of energy we have and want to keep pushing forward towards the final skills robot design.  
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Cap Meeting 2: October 13th, 2018 

Plan 

● Flipper brainstorming 
● Prototyping 

Progress 
We kicked the meeting off by brainstorming flipper mechanisms before moving to prototype 
 
Flipper ideas 

-”wrist” flipper  
-pros: works with all intakes, fast 
-cons: less control over balls, must lift caps to flip 

-lateral flipper 
-pros: allows more control over cap balls, simplifies handling tilted caps 
-cons: complicated, only works with passive and claw, must lift caps to flip 

-forklift flipper 
-pros: easy to make, caps are flipped on ground 
-cons: slow, requires precision 

 
We realized our primary concern for the flipper was to balance speed and ball control so we deemed 
flippers to be a lower prototyping priority. 
 
After a discussion with the shooter subteam, we quickly compromised a four-bar arm in favor of an 
elevator to only score caps on low and medium poles. We decided that we can move forward and start 
using CAD to find the right geometry for our elevator. The tentative plan is a cascading elevator. 
 
To efficiently prototype intakes, we used VEX EDR components and V5 motors to quickly rig up setups 
to find the best way to grab a cap. The following are pictures of the day’s prototypes 
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The EDR kit also came with a claw that we used to quickly test. It lacked the desired speed and control so 
it was scrapped. Progress was made on a double roller prototype that will be 3D printed. Below are some 
sketches of the gearing and belt paths. 
 

 
The subteam leads came together and decided to begin work on a mock up skeleton that will only have 
extrusion and structural members to give the team a more grounded and unified direction on the robot. 

Ending Analysis 
The dustpan prototype showed promise but doesn’t show the qualities we want yet. The next meeting will 
have a fully cadded double roller prototype ready to go as well as more elevator geometry ironed out.  
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Drivetrain Meeting 5: October 15th, 2018 

Plan 
We want to create a few more drivetrain prototypes using VEX EDR hardware. We want a 4 wheel drive 
prototype that has each wheel direct driven with a motor to increase efficiency.  We also want to build a 6 
wheel drive that has the same drive ratio as the 8 wheel drive wood prototype. We also want to test all of 
our prototypes with about 10 pounds of weight on them to simulate the weight of a competition robot. 

Progress 
We built a 6 wheel drive drivetrain prototype using the VEX EDR hardware. This drivetrain, when 
weighted to 15 pounds was still able to drive up the platform. The two best performing drivetrains we 
have are the 4 wheel drive with two omni-wheels and two traction wheels and this 6 wheel drivetrain. The 
6 wheel drivetrain has the advantage that its center of rotation is at the center of the robot, this makes it 
easier to drive and easier for our programming subteam to write autonomous programs for it. 
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Ryan began working on very high fidelity CAD of a 6 wheel drivetrain: 

 

Ending Analysis 
At the end of this meeting we decided to go with the 6 wheel drivetrain as the drive we are going to use 
on our skills robot. We are hoping that since the skills robot is a 15” x 15” x 15” robot we will be able to 
use the same, or a similar drivetrain configuration for our 15” match robot. This will speed up design time 
and will allow us to use almost identical drivetrain software on both robots. 
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Shooter Meeting 3: 19 October 2018 

Plan 
Build, test and take measurements of a smaller 2-ball catapult that can fit within a 15” robot for driver 
skills. 
 
Assemble and test the flywheel shooter prototype 

Progress 
Here is a picture of the prototype built today as well as measurements taken from it in a configuration that 
toggles both flags from 36” from the base of the flag post. 
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The flywheel was also assembled at shot balls today. 

 

53 



 
Here is the data we collected for the flywheel: 
 

Starting 
Position  

Angle RPM Notes 

8ft 25 3500 Hits high on center target 

8ft 30 3600 Shots miss inbetween the center and high 
target 

8ft 35 2550 Hits center on center target 

8ft 35 3350 Hits center on high target 

8ft 40 3800 High miss on top target 

 

Ending Analysis 
Serious CAD work can begin on the 2-ball catapult for the skills robot.  
Shot angles and rpm values are starting to be worked out for the flywheel shooter, but more testing needs 
to be done. 
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Drivetrain Meeting 6: October 19th, 2018 

Plan 
Complete a design review of the CAD for the skills robot and start creating drawings of the custom parts 
that need to be manufactured. We also have a large number of 3D printed parts that need to be made. We 
have already started printing some of the parts on several of the team member’s 3D printers. 

Progress 
We had a design review for the skills robot drivetrain. At the time of the meeting the CAD was about 90% 
complete and the following is a list of the things that need to be designed or modified before we begin 
manufacturing: 

● Design a traction wheel that expands the 4” VEXpro compliant wheels to be 4.25” to give the 
drivetrain a drop center. 

● Design the shafts. 
● Determine if we want external encoders and if we do where they go. 
● Determine final drive tube lengths. 
● Design inner gearbox plates. 
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Below is a screenshot of the skills robot drivetrain CAD in its current state. 
 

 

Ending Analysis 
We are ready to start manufacturing some of the waterjet parts for the drivetrain and many of the 3D 
printed parts. All of the waterjet parts are going to be 6061 or 5052 aluminum and all of the 3D printed 
parts are going to be PETG.  
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Shooter Meeting 4: 26 October 2018 

Plan 
Test the test more variables on the flywheel shooter prototype and review CAD for the skills robot’s 
catapult. 
 
A test procedure was developed to find and document the parameters required for a good flywheel 
shooter: 
 
What variables do we want to lock down in the next, higher fidelity, shooter? 

● Flywheel mass 
● Compression 
● Material 
● Release angle 
● Speed 

 
Flywheel mass or compression procedure: 

1. Shoot balls at a wall/target at a constant distance. Make this distance a “comfortable” to long shot 
that we expect to make a lot. Ball should hit the wall in as its arc goes horizontal. Adjust release 
angle then lock into one position for all tests. 

2. Hold velocity constant. Should strive to not have to run at, or too close to, free speed at max 
voltage. 

3. Log spin up time. Log speed drop-off as a ball is fed through. Would like to see a graph of 
velocity/time. 

4. Log where the ball hits the wall. Want to generate a scatter plot and compare the tightness of the 
points. 

5. Change flywheel mass or compression and repeat. 
 
Material: 
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Release angle and Speed: 

1. Find release angle and speed required to make the longest shot we think is strategically valuable. 
Should hit the flag hard horizontally. Take video of shot and identify where the trajectory 
becomes flat. 

2. Find other extreme shot angles using a speed that is equal to or lower than the top speed 
determined above. These two known shots should define the range of motion required for the 
hood. The philosophy here is that John wants to use the hood angle more for shot adjustment than 
wheel speed (We just want to hit the flag hard from anywhere to give a wider left/right margin to 
still cause the flag to toggle). 

Progress 
Skills catapult CAD progress: 
 
This screenshot shows the beginning of a drop-cam profile for the skills catapult 
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With an equation driven spline connecting 8 points around the increasing radius of the cam: 

 
 
Parametric drop cam profile for the skills catapult. Input: angle, follower diameter, hub diameter, and arm 
pivot shaft diameter and it spits out a snail cam to meet those parameters. The section right before the 
drop has zero slope (section of a circle) so it won't backdrive when mostly loaded. 
The circles drawn along the arc in the lower part of this sketch represents the path of the follower, a ½” 
OD bearing that runs on the outer surface of the cam. 
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Using the solidworks parabola sketch tool and the dimensions from the prototype, we were able to 
validate the test results from the dual catapult pull/release prototype. The trajectory in this sketch is very 
similar to what we were seeing in real world testing. This simulation tool seems to be reliable and is a 
good tool for us to iterate quickly on 2-ball catapult parameters. 

 
These two boxes, representing the top two flags on a post, show where the lower ball will hit with given 
input parameters of release angle of the catapult arm and the relative position of the two balls on the 
catapult. The top ball is assumed to hit dead-center of the top flag as we will simply tighten the elastics 
until it does so. This 0.13” deviation shows the accuracy of our model. 
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Notes from Ethan Reed on this CAD: 

Modified the release angle to make the shot from a nicer position. I hope to test it this afternoon. 
32° looks right. More vertical component than any angle we tested, which makes sense as I moved the 
robot closer to the flags. Using a more robust equation derived from projectile motion equations (218 
y'all!). 

 
I set the top ball to hit the top flag in the center, which tells me the entire shape of the parabola it 

follows. I then know the max height that ball would hit (38.47" in this sketch), along with its release 
angle. I then calculate and dimension the max height of the other ball based off of these parameters and 
its respective release angle (using H=V^2*sin^2(theta)). 

 
 
Flywheel shooter development: 
More testing was done with the flywheel prototype, this time keeping the velocity constant and only 
varying the shot angle. This puts as much horizontal force on the ball as possible, imparting more energy 
into the flag and making sure that it toggles fully. 
Interesting note: with backspin, the balls hit the flag, then the floor within a ~3ft radius, then roll in the 
opposite direction they were shot from (back to where you shot them from if it doesn't bounce to the side 
on impact with the flag). Surprisingly repeatable with where the balls go after a rebound. 

Ending Analysis 
Flywheel shooter parameters are preliminarily decided. The lowest angle required is 25 degrees and the 
highest angle is 40 degrees, measured up from horizontal. 
 
CAD can continue on the skills catapult.  
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Drivetrain Meeting 7: October 26th, 2018 

Plan 
Begin assembly of the skills robot drivetrain. Cut belts needed to go inside the drive rails. 

Progress 
Much of the past week was spent manufacturing parts. Both of the drive rails were machined, the gearbox 
output shafts were machined; these parts were very complex and required multiple operations on both the 
lathe and a mill. We also got the gearbox plates waterjet and all of the pulleys 3D printed.  
 
Tasks that need to be completed before final assembly next week are: 

● Reprint the traction wheels hubs with a larger scale factor. 
● Bore out the Omni-wheels and assembly their hubs around them. 
● Turn all of the drive axles. 
● Assemble the gearboxes and bolt them to the chassis. 
● Assemble 4 motor with blue cartridges. 

 
Below are some photos of parts that we manufactured in the last week: 

 
The drive rail rivet patterns being machined on a Bridgeport milling machine.  
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Custom motor output shafts after being turned on a lathe and then milled to a square on one end. 

 
The finished drive rails and ladder bars for the skills robot.  
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Version one of a custom wheel hub that uses the 40A durometer VEXpro flex wheel.  
 

Ending Analysis 
We hope to have and integrate CAD model completed within the next couple of days to give to our 
integration lead, Ethan. We need all of the rest of the parts machined before we can do the final assembly 
at our next meeting on November 4th. We still feel good about meeting our December 15th deadline to 
run skills at the Pasadena ISD tournament.  
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Cap Meeting 3: October 26th, 2018 

Plan 

● Intake prototyping 
● Flipper prototyping 
● Elevator geometry finalization 

Progress 

The 3D printed, double roller prototype was mounted and tested with a motor on the robot skeleton. 
 

 
 
 With some tuning, we found it to pass all of our requirements with flying colors. After deciding to 
commit to the double roller, we moved forward into flipper prototyping. Using EDR to once again test the 
3 different flipper mechanisms we brainstormed, we decided that we had the luxury to make a double 
jointed wrist with 2 rotational degrees of freedom. Elevator geometry was also done during this meeting 
as we used the skeleton to find ballpark numbers and CAD to finetune.  

Ending Analysis 
With critical values locked in and valuable information gathered, we move forward towards high fidelity 
CAD for the elevator and intake.  
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Software Meeting  1: November 2nd, 2018 

Plan 
Start figuring out the framework of the robot API. Discuss various implementation strategies and weigh 
the pros and cons of existing APIs such as PROS and VEXos. 

Progress 
 

Actuator 
Motor 
Piston 

-doAction(action: Action) 
-getState() 
 : State 
 
 
Sensor 

DigitialInput 
AnalogInput 
IMU 

Subclasses for distinct products 
Encoder 
 

-getState() : State 
-doAction(action: Action) 
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This was the initial logic that we came up for the API. The starting branch was the idea that  the Robot 
would be implemented as a series of state machines that connect together to create unified subsystems. A 
lot of the inspiration that we got for this approach came from real world implementations of closed loop 
embedded systems that perform a specific sets of tasks for extended periods of time. 

Ending Analysis 
We established that we would be working in C++ and that we would want to make our own custom state 
machine API that would be building on top of the PROS API. After such, we began to come up with the 
structure of the overarching logic of our custom API.  
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Shooter Meeting 5: 2 November 2018 

Plan 
Review skills catapult CAD and finalize flywheel shooter angle. 

Progress 

 
An assembly of the skills robot’s catapult has been created in Solidworks. The  

Ending Analysis 
What goals were met what was not what new goals do you have and how will you accomplish them next 
meeting  
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Cap Meeting 4: November 2nd, 2018 

Plan 

● CAD progression 
● Sensor integration 

Progress 

To ensure easy integration with the software team, we asked a software member to join us for sensor 
advice and integration. Together, we decided that our overall architecture will have the following: 

● Limit switch to detect cap in intake 
● Limit switch for arm 
● Limit switch for elevator 

 
Current CAD progress: 

 

Ending Analysis 
CAD will be finalized and drawings will be produced before the next meeting so fabrication and maybe 
even some assembly can begin. The faster we build, the faster we can iterate.  
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Drivetrain Meeting 8: November 4th, 2018 

Plan 
We have all of the parts for the skills robot drivetrain manufactured and ready to assemble. Most of this 
meeting will be focused on drivetrain assembly with some talks about the drivetrain for the 15” match 
robot. 

Progress 
We have a completed CAD model of the drivetrain to hand over to our integration lead. We also fully 
assembled the drivetrain for the skills robot. Below are photos of the completed CAD and of the assembly 
process of the drivetrain: 

 
Complete model of the skills robot drivetrain that has been handed over to Ethan, our integration lead. 
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The gussets used to attach the ladder bars to the drive rails. 

 
4” VEX EDR omni-wheels being bored out on a Bridgeport milling machine. 
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An assembled drive rail with gearbox. 

 

 
The fully assembled skills robot drivetrain. 

 

Ending Analysis: 
Competing the assembly of the skills robot drivetrain was a very exciting accomplishment for our 
subsystem and the team overall. It's important that we continue pushing forward to complete this robot by 
the end of the month to allow the software subteam plenty of time with the robot before our first skills run 
on December 15th.  
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Shooter Meeting 6: November 4th, 2018 

Plan 
We want to assemble the rest of the catapult for the skills robot and get it mounted to the drivetrain. 

Progress 
All the parts for the catapult have been manufactured since the last meeting. We spent most of this 
meeting assembling the catapult and then mounting it to the drivetrain. Below are some photos from the 
assembly process: 

 
The drop cam for the skills robot catapult. 
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The catapult subassembly mounted to the skills robot drivetrain. 

 

Ending Analysis: 
Next meeting we want to get a lot of work done on the flywheel shooter for the 15” match robot. We want 
to get this to the software subteam so they can work on the vision system over the winter break. 
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Drivetrain Meeting 9: November 6th, 2018 

Plan 
Begin laying out the framework for the 15” match robot. We plan on using the same 6 wheel drive 
architecture we are using on the skills robot so that they drive similar and that software migration from 
one robot to the other is relatively easy.  

Progress 
We began discussing changes that we would like to make to the 6 wheel drive for the match robot and we 
came up with the list below: 

● Push the wheels closer together to allow as much space as possible for a ball intake out in front of 
the robot frame. 

● Try using the 30A durometer flex wheels from VEXpro. 
● Switch to smaller pulleys inside the drive tubes. 
● Design the gearbox plates to allow us to switch to a slower ratio. 
● Move the gearboxes to the back of the robot to give as much space as possible to the ball intake, 

arm, and feeder subsystems. 
● Try straight broaching the VEX EDR omni-wheels to negate the need for a custom hub. 
● See if its possible for the drivetrain motors to be mounted toe “Master Plates” on the sides of the 

robot. 
● Try to figure out how to make the 15” match robot drive up the platform corners. 

 
As this meeting was mostly discussion of the capabilities for the 15” match drive we don’t have any 
photos from this meeting. 

Ending Analysis 
Ryan is in charge of 15” match robot CAD and will be working on that for the next week or two. We want 
to spend more time getting the 15” match robot architecture correct as we want to pack as much 
functionality into our limited volume as possible. We also have other team members doing analysis on 
how many motors we can reasonably run on our drivetrains without drawing too much current. We 
currently think running 4 motors is safe however we really would like to try to run 6 or motor motors on 
the 24” match robots drivetrain. We will not have a base meeting next week but will have a full team 
meeting. Our subteam members will be supporting continued assembly of the skills robot.  
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Software Meeting 2: November 9th, 2018 

Plan 
Finish writing the logic of the state machine API and begin to implement the logic into real C++ code.  

Progress 

 

 

 

 

 

 

 
Here is the finished UML diagram displaying our API’s internal logic. A UML diagram is a diagram that 
allows for programmers and others to map out the logic of different classes and how they interact with 
one another to make a completed project work in a desired way. The logic is that there would be a 
Subsystem controller made up of a series of State Controllers. Each of these State Controllers would 
transition from state to state based on inputs from Readables and control what gets set as an action for a 
Commandable. Readables can range from simple things like motor voltages and ADI outputs to complex 
readables such as encoder velocities and IMU acceleration. Commandables are systems that the state 
actively drives with a particular Action. This can range from sending a simple motor voltage to driving a 
cascaded PID loop in a drivetrain subsystem. The State Controller changes States based on Transition 
functions, which are boolean functions that map to all possible next States based on inputs from the 
Subsystem components and the wrapping software environment.  A particular State may have a large or 
small number of Transition functions depending on the role it plays in the overarching Subsystem. 
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Initial C++ files for the State Controller implementations. The files show a template implementation of 
the logic that was dictated in the UML diagram given earlier.  

Ending Analysis 
 
Throughout the meeting, we were able to slowly create the UML diagram and implement it  into some 
basic C++. Our next goal is to finish off the API and start implementing Subsystem Controllers.  
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Drivetrain Meeting 10: November 16th, 2018 

Plan 
Complete a design review of the 15” match robot and assign tasks to subteam members to do over the 
Thanksgiving break. 

Progress 
The CAD of the 15” match robot is coming along. We had a partial design review meeting to give Ryan 
our feedback on the design of the match drivetrain.  
 
Below are a few screenshots of the 15” match robot drivetrain: 

 
The design of one side of the 15” match robot drivetrain before it is mirrored across the right plane. 
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Screenshot of the work on progress 15” match robot drivetrain. 
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The sketch of the complex belt path with tensioner that allows us to use just one timing belt to connect 

both drivetrain motors to the output shaft.  
 

Ending Analysis 
Ryan will continue to focus on completing the CAD of the 15” match drivetrain while other team 
members work on architectures for the 24” match robot. Aaron is working on custom 6.25” Omni-wheels 
and traction wheels. Fred is working on drive rail plugs for the skills and 15” match drivetrains. We also 
are looking into using VEXpro ball shifters on the 24” robot to allow us to push robots off the center 
platform. We want to figure out how to make these as light as possible.  
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Software Meeting 3: November 16th, 2018 

Plan 
With the goal of completing the API in our minds, this meeting was spent making the API and then 
writing test code in order to make sure that the API worked and could be used later on for writing Robot 
Code.  

Progress 

 
One by one, the files were created and in this meeting we finally finished custom Aggie FIRST Robotics 
VEX U library. Now, of course as with all things, something must be heavily tested before they can be 
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used. So to test our library, we created an api test program that would test out the creation of sample 
subsystems and sample states and such.  
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This is our API Test code. As mentioned previously, this was used to test out our API as a mock test, to 
make sure it would be usable to be runnable on a Robot.  

Ending Analysis 
After testing out our API, we are on the right track, but just having a working API does not mean we were 
done. We just laid out our framework and now we had to go out and build on this framework and work 
towards making the Robot code.  
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Cap Meeting 6: November 19th, 2018 

Plan 

● Fabrication 
● Assembly 

Progress 

With CAD finished, we submitted part files and started a print on the intake as well as trucks for elevator. 

 
 

We were able to partially assemble the elevator by the end of the meeting and test the elevator motion. 
Assembly was more difficult than appreciated but the design is meant to be set and forget. We will make 
sure the second robot will have an easier elevator design. The resistance in the rail was more than 
anticipated but the motors should still be able to easily lift the necessary distance. 
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Ending Analysis 
Hopefully all fabrication will be done by the next meeting so we can do final assembly run a true systems 
test. With what we have seen so far, we anticipate minimal changes and are excited to move to the next 
robot’s development. 
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Software Meeting 4: November 23rd, 2018 

Plan 
Now that we had finished our API. we had to start writing out the overall logic of our Robot. To start 
things off, we began writing the logic for the Skills Robot. To plan out the logic of the Skills Robot, we 
began to organize our efforts in an UML diagram, as used in prior days for the API logic diagrams. 

Progress 
After beginning to writing down the logic on whiteboards, we realized that doing such would be pretty 
useless considering the size of the logic required for some subsystems. So we began to write them on 
computers.  

 
Throughout the meeting, we were able to sit down and create the above diagram with members of the 
mechanical subteams aside us. We thought that it was needed to come up with the Robot’s logic as a inter 
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team effort so that we could all agree on what needs to be done and how we were going to do it.  This 
diagram shows the logic required for the three subsystems that encapsulate the overall robot. As one could 
guess, some subsystems are significantly less complicated than others. The Drive Subsystem only has one 
state and one action, whereas the Cap subsystem has a much greater number of actions and states.  

Ending Analysis 
Now that we have a working API and a working logic diagram that shows the logic of how we as a team 
wanted to control the Robot, we could start writing the code for each subsystem that encompasses the 
logic that we discussed and wrote on the UML diagram above.  
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Cap Meeting 7: November 23rd, 2018 

Plan 

● Final tune-up 
● Define requirements for match robot 

Progress 

We attached the limit switches and with some help from the software subteam, we tuned in limit switch 
positions. With those steps done we moved on to the match robot requirements. 
 
For the skills robot we ended up only scoring on medium and low poles since the extra height was 
extremely difficult to design for. As such we must make sure our 20in robot has the ability to score on tall 
poles. Besides this key change, we believed everything else can be carried over. So for the 20in robot, an 
overhaul needed to be made for the arm/elevator mechanism. 
 
We began lightly playing in CAD to start finding a range of where the critical values could be in. Because 
the shooter subsystem is being overhauled we will be working closely with each other to guarantee there 
will be no interferences involved. 

Ending Analysis 
After having a sprint week, we had a more laidback meeting where we charted our course for the next few 
weeks. We will begin earnestly CADing next week to find our important critical values.  
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Intake Meeting 1: November 23rd, 2018 

Plan 
Create a hinge that attaches the 2 sides of the arm to a centerpiece of c channel and allows the centerpiece 
c channel with the cap intake mechanism to stow inside of the robots 15 inch perimeter. 

Progress 
Make 4 parts to securely attach the c channel to the robot with a hinge. An inner channel spacer with 
locking mechanism, a outer channel hinge, a lower hinge with c channel mount and a latch. Pictured 
below is the printed out pieces  
 
 
 

 
 
The cad for these parts and their mounting locations are pictured below 
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Ending Analysis 
We got all of the parts printed and tested. They worked great. The only thing that will need to be fixed is 
that they are setup for a certain length of c channel which is not ideal, so the next day/revision will be to 
make the holes slotted so it can be used in a range of locations. 
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Drivetrain Meeting 11: November 27th, 2018  

Plan 
We plan to conduct a design review for the 15” match robot and begin discussion requirements and 
prototypes we would like to build for the 24” match robot. Work on the 24” match robot likely will not 
begin until after we return to school after the winter break as our time will be focused on getting our skills 
routine tuned in and on finishing up building the 15” match robot. 

Progress 
Ryan has completed the CAD of the 15” match drivetrain and has handed it over to Ethan for integration 
into the rest of the robot. During the design review we noted a few things we believe should be added or 
changed: 

● Start thinking about where electronics can be mounted, the V5 brain and battery take up a very 
large volume, 

● Design the pulleys we plan on using if we want to switch drive ratios. Print these when a printer 
is free so that we have them on hand. 

● Learn how the encoders interface with the gearbox shaft, design a mount for these and find a 
place to route wires. Keep it as compact as possible. Maybe mount the encoders inside the 
gearbox and use a seperate gear to drive them? 

● Switch from thundersquare bearings to ¼” ID, ½” OD bearings to save space and negate the need 
for a shaft retaining feature. This also saves ½” width across the robot. 

● Re-design the inner gearbox plates to take advantage of this saved space. 
 
Below is a photo of the custom 6.5” omni-wheel Aaron designed. It uses the rollers from the 3.25” VEX 
EDR omni-wheels and is exactly twice the diameter, using twice the rollers of the smaller wheels. 
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Custom 6.5” omni-wheel for the 24” match robot. 

 

Ending Analysis 
We want to manufacture most of the 15” match drivetrain parts as soon as we get back from winter break 
in mid-late January. This will leave us with only about a month before we will be competing at the South 
Texas VEX state championship on February 23rd. 
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Cap Meeting 8: November 27th, 2018 

Plan 

● Finalize geometry of arm 
● Begin CAD 

Progress 

After discussing with the shooter subteam, we came to a consensus and committed to a double jointed, 
chain bar arm design. Most of the meeting was spent on discussion and problem solving geometry issues. 
Our defining sketch for the arm design can be seen below. 

 

Ending Analysis 
While slow, design reviews are a critical step of the process and led us to a new, creative solution that 
none of us would have seen on our own. Since the elevator is the only overhaul, we can begin fabrication 
as early as the next meeting while arm CAD is being iterated on.  
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Shooter Meeting 7: December 5th, 2018 

Plan 
Complete a design review of the flywheel shooter for the 15” match robot. 

Progress 
It has been a couple weeks since a meeting. In this time Ethan has mostly completed the flywheel shooter 
and turret for the 15” match robot. At this meeting we completed a design review and then began making 
drawings for the parts that were ready to be manufactured. 
 
Below are some screenshots of the flywheel shooter CAD: 
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Ending Analysis 
We want to get all the parts manufactured in time to assemble at our next meeting on December 10th. 
This is our last meeting before winter break. 
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Cap Meeting 9: December 5th, 2018 

Plan 

● Finalize arm CAD 
● Begin fabrication 

Progress 

In the move from the 15in robot to the 20in robot, the cap intake received a face lift and began printing. 
The arm CAD was also finalized and ready to begin fabrication. We took the lessons from the elevator to 
heart and ensured a more smooth, more user friendly mechanism that will also have tensioning to help lift 
the arm. 
 

 
 

Ending Analysis 
At this point, we are waiting on fabrication and assembly before we can deliver a fully completed cap 
system to the software team to start implementing code. 
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Intake Meeting 2: December 5th, 2018 

Plan 
Use cardboard to prototype a intake design to get 2 balls into the catapult like shooter efficiently and 
quickly  

Progress 
On the Skills robot there is not ground pickup, we only intake balls off of the tops of caps. The challenge 
is that there is not a lot of space to allow for a powered pickup, so we must use the powered functions that 
are already there. The 2 functions that could be useful to a ball pickup is the shooter cam and the arm. The 
arm needs to be raised to get the balls off of the cap, so we decided to take the first approach, use the arm 
to intake balls. We started with cardboard, a cap and a ball to visualize the ball path. 

 
The first thing that we tried was holding cardboard on the arm so that it moves with the arm and moves 
into position as the arm gets to the ball intake level. This design just needed to be a bit longer and the 
angles needed to be adjusted to allow smooth rolling of the ball. 
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We made a second one, this time a little bit longer. We also added a little side flange so we can see how 
we might attach it to the arm.  
The ball rolled off the cap and into the robots shooter cups very well so next was to work on the cad 
model. 

Ending Analysis 
We found that we can attach a funnel/guide path to the arm of the robot to  allow the ball to flow from the 
front of the robots cap intake, down the arm then into the cups of the shooter.  
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Intake Meeting 3: December 7th, 2018 

Plan 
Work on the cad for the intake on the Skills robot, print it and test it  

Progress 

 
 This is the second design that was made, the first had a higher angle between the ground and the intake 
funnel  

Ending Analysis 
What goals were met what wasn't what new goals do you have and how will you accomplish them next 
meeting  
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Shooter Meeting 7: December 10th, 2018 

Plan 
Final assembly of the flywheel shooter. 

Progress 
Tonight we got the flywheel shooter fully assembled and mounted on to a test stand that we can give our 
software subteam to work with over the winter break. This is crucial in getting our vision tracking system 
developed.  
 
Below are some photos of the assembled flywheel shooter and turret: 

 
The fully assembled flywheel shooter. 
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The fully assembled shooter on the test stand. 

 

Ending Analysis 
Our subteam finally gets to take a break for a couple of weeks over the winter break. We have met our 
goal of providing software a working shooter testbed before Christmas.  
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Software Meeting 5: 15 January 2019 

Plan 
Now that the logic for the Robot has been written alongside our working Robot API, we must use the API 
to write code for the Robot based on the planned out logic. 

Progress: 

 

 
We were able to sit down and create the files from the logic that we presented.  
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Here is an example of a subsystem that was written, albeit it being the simplest one that was created for 
the robot. The header file is in the first picture and the cpp files are in the pictures that follow it.  

Ending Analysis 
After sitting down and finishing off our Robot code, we split and conquer. We had one set of students 
beginning to work on communication between the V5 controller and the Odroid controller that we wanted 
to use for on board vision tracking, while another was to continue working on the Robot Code and making 
sure it all works on the Robot.   
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Intake Meeting 4: January 16th, 2019 

Plan 
Add a brace to the elevator so that it is held in place with less twisting or bending around the 1 by 1 that it 
is mounted on  

Progress 
The first thing we looked at was the locations the we can mount onto the elevator and there was not a lot. 
The entire inner tubes of the elevator have the second stage running along them on 3 sides and the 4th 
side is taken up by the cross bracing and the ball path. The only location that we can mount to is the very 
bottom of the tube. The problem with this is that there is less than 1/8th inch of tube at the the bottom to 
latch onto so there is no space for a bolt so we must use a crimp. 
The cad we made is pictured below  

 
Pictured above is the bottom mounting plate (1/16 inch aluminum) that we water jet and bend to act both 
as a brace for the elevator and a bracket for the 2 1 by 1’s 
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Pictured above is the second part to the elevator brace. It is a 3d printed part that grips the bottom tube of 
the elevator (hidden) and attaches it to the bracket. 

Ending Analysis 
While this new brace prevented forward backward movement, it did not help with the twisting. The plates 
would bend when the elevator rotated. The rotation is not end all though, so we decided to keep it as is 
and focus on the next task. 
  

111 



 

Intake Meeting 5: January 17th, 2019 

Plan 
Slot the Arm hinge so that it can be used in a variety of locations 

Content 
We continued to work on the adjustability of the latches on the arm for the skills robot. 
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Ending Analysis 
We have mostly finalized the intake on the skills robot and are pretty confident that it will perform well in 
competition. 
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Software Communications Meeting 6-7: January 
18th-19th, 2019 

Plan 
Since all hope to run an on board processor relies on the idea of having a way to communicate between 
the processor and the V5 and the Pros API is not releasing a way to use the Smart Ports for 
communication purposes, with the status of such being released still to this day being described as coming 
out soon, the team had to come up with a way to handle this communication ourselves.  

Progress 
We decided to try and figure out the communication pattern of the Smart Port so that we could use the 
Smart Port to communicate with the Odroid, since a Smart Port would ideally be a better way to 
communicate. To do this, we went ahead and created a mock circuit to see how a motor communicates 
through the Smart Port.  The V5 just never responded and we thought that this was because the V5 was 
simply not built for communication at this time being, which can be fixed with a firmware update later on. 
We were able to figure out that the Smart Port converts to a certain form of UART, and despite us trying 
many things including getting a clean signal out of the data line and so forth, it was still deemed as being 
too difficult to pursue.  

Ending Analysis 
We had to come up with a new way of communication, as the Smart Point method seemed to be ruled out. 
The thought of serial communication slipped into our brains, as possibly a viable and simpler way to 
communicate. 

 

114 



 

Intake Meeting 6-7: January 19th-20th 2019 

Plan 
Prototype a ball intake and feeder system for a flywheel shooter that can hold 2 balls and feed in under 3 
seconds 

Progress 
To start we went with the conveyor belt approach. Use sequential powered paths to move the ball in the 
inside of the robot. All of the design and building of this prototype was smooth, but when it came time to 
test, the rubber bands would not stay on the back  middle pulley. They were rubbing against each other in 
the center so they would not be able to center themselves and would prevent the balls from making the 
transition to the vertical portion of the feeder. 

 

Ending Analysis 
The conveyor belt intake needs work and more prototypes need to be considered. The space that the 
intake needs to function is large and there is little margin for error before the ball gets stuck. A new 
prototype will be designed for the next day. 
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Intake Meeting 8-9: January 21st-22nd, 2019 

Plan 
After ditching the idea of a middle intestine part that brought the ball from the intake to the shooter, we 
decided to intake then use gravity to bring the ball into the feeder which will then feed the shooter. 

Progress 
The shooter feeder criteria was that the team wanted to feed a ball consistently and reliable into the 
shooter . The first idea was called “The Beak” because it gripped the ball on both sides. The parts were 
printed from the first prototype and right away a problem appeared. The beak lost contact with the ball 
early and didn’t lift the ball very height up. After some more of the robot cad was getting finalised the 
requirements and constraints for the shooter feeder appeared. The area around the shooter was crowded 
and the first beak design would not fit. The opening for the ball to enter the flywheel shooter was not 
larger. A second beak design was developed.This design involved a tube that housed the ball and an arm 
that lifted up and dragged the ball against the walls of the tube into the feeder. Because the shooter rotates 
about 180 degrees, the wall had to end before the flywheel shooter would hit it in any position of the 
shooter so the design lost contact with the ball before it was fully in contact with the flywheel.  
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Ending Analysis 
The beak was unable to throw the ball up into the shooter so a new design needed to be prototyped. 
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Drivetrain Meeting 12: February 1, 2019 

Plan 
We want to finish up the 15” match drivetrain assembly that Ethan and Ryan began over the winter break.  

Progress 
Ethan and Ryan both spent some time down at NASA Johnson Space Center manufacturing parts since 
we didn’t have access to our normal machine shop at Texas A&M, as it was closed during the schools 
winter break. They got a decent amount of the robot’s mechanisms manufactured and assembled. At this 
meeting we want to finish up assembling the drivetrain and as much of the other mechanisms as possible. 
There are a few drivetrain components that have yet to be manufactured and we can let lag behind the rest 
of the drivetrain. Below are some photos from the 15” match robot manufacturing and assembly process. 
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The 15” match robot with its frame assembled. 

 
A look down a drive rail showing the unique rivets inside the tube. We manufactured custom tools to be 

able to pull these rivets in a closed space. 
 

Ending Analysis 
We are assembling the rest of the drivetrain in parallel with the assembly of the other subsystems. This 
highly integrated nature of this robot lends itself to assembling everything at once  
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Intake Meeting 10-12: February 2nd-5th, 2019 

Plan 
Create a new design for feeding balls into the shooter with most of the same requirements as the previous 
2 feeder prototypes, but this time it had to fit in a much smaller area, about a 6 by 5 by 4 rectangle. 

Progress 
The feeder is an integral part of the shooting system and the space limitations left us with this being the 
most feasible solution to getting the ball up the 5 inches to the shooter. It utilizes a flicker attached to a 
motor with the 100:1 gear ratio. The prototype we made with a flicker and a tube worked well so we went 
on and scaled it up and made it fit into what you see below. There was a difference in the arm length to 
the ball which ended up not working out well. The single motor did not supply enough power to move the 
ball fast enough to throw the ball up into the shooter. We added a second motor on the same shaft as the 
current motor and cut away all of the plastic in the way of mounting the new additional motor. 

 

Ending Analysis 
We ran out of time before the state competition to do a full other revision that includes the 2 motors that 
we used to flick up the ball, so the next day working on the feeder will be to update the CAD to include 
the space for the additional motor needed to throw the ball. 
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Software - Robot Meeting 6-10: February 1st-5th, 
2019 

Plan 
Now that the robot code was finished and the skills robot was essentially finished, we must start to test 
out parts of the robot with the code that we spent so long working on.  

Progress 
As with all things, nothing really works the first try. The same thing can be said about our robot. Our bot 
had many bugs in the first run of the program. At the end of the day, we had to make a lot of changes into 
the internal logic of our API alongside the logic errors that were given by the the implementation of the 
API. It was a headache for the person in charge of the API. He also realized that the library was too 
verbose and so he decided to spend tens of hours making the library simpler to use.  The issues he faced 
ended up resulting in a massive overhaul of the API.  

 
As one can see from the edit history, many edits were made in order to fix the code and make the robot 
work.  

Ending Analysis 
At the end of the day, we came back with a finished skills robot that could essentially run with a few bugs 
that needed to be ironed out here and there. However, now we had another robot that needed to be coded 
and that became the latest problem that we needed to deal with.  
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Software - Communications Meetings 7-10: February 
2nd-5th, 2019 

Plan 
After the idea of Smart Port communication ended up proving itself to be impossible, the mood was 
shifted towards the idea of communicating using Serial.  

Progress 
Many of the issues that we had were because of the beta nature of the pros api and how many of the pros 
features were left undocumented. Due to the limitations of pros that we had to slowly discover and were 
completely undocumented, we had to emulate a buffer since pros had a bug where the program would 
stop while it was waiting for a character to be received. Due to this, we decided to come up with a logic 
that involved us putting this on another thread and then read and then put that on a buffer. Finally after 
days of effort, a reliable packet structure was created and can be seen below.  
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The packet structure is quite interesting as it first starts with the custom WHOOP signature, as both a 
sense of branding as well as a way to detect that this is in fact our own identifier that can be used to make 
sure the data is our own. This follows by a destination byte. One should notice how the number 1 is 
skipped as a destination, since this results in a bug that will mentioned later in the page,  and then the 
number of bytes of data being conveyed, the data itself and then a checksum to check for corruption.in the 
data.  
 
One of the more frustrating errors that the Communications team dealt with was the fact that certain 
characters caused issues, due to the fact that the serial communication is specifically tailored for text 
output. The letter lowercase p has the effect of the buffer skipping what the next byte was. So if you were 
to send “p”, then the byte after such would be skipped. So we had to implement a system in which if you 
were to send the letter “p” then it would have to double send the next character. As one could imagine, 
detecting this error was very difficult for the Communications team, since it felt as if it would way more 
likely for such an error to be apparent on another component of the system and not a standard library 
function. Obviously a bug in the VEX and PROS api is causing this, probably due to the beta nature of the 
PROS and VEX release and the reason for such is something we are yet to figure out.  
 
Here is a scratch paper showing some of the brainstorming that the Communications Team had conducted 
in order to come up with the Packet logic.  
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Ending Analysis 
At the end of the day, we were able to come up with a very successful communication interface using 
serial and so now the Communications sub-team can begin to work on the ODroid and Vision Tracking.  
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Cap Meeting 10-11: February 7th, 2019 

Plan 

● Fabrication 
● Final assembly 
● Revise documentation 

Progress 

On the first day we finished arm fabrication and began assembling the overall structure. We also 
assembled the belts and pulleys part of the chain bar 
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Assembly was stop and go as a result of the entire team working together to integrate everything and 
assemble everything in order. During our downtime we worked on revising our documentation to add 
pictures and more descriptions.  
 
The second day was more involved as our subsystem had the luxury of going on late since there was a 
high confidence in its robustness. 

 

 
 

Ending Analysis 
With the cap system fully delivered, we passed it off to software to fully implement their code. In the 
meetings after this we focused on keeping documentation neat and high quality.  
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Software - Vision Meetings 11-14: February 13th-15th, 
2019 

Plan 
As mentioned previously, computer vision was considered to be a fundamental feature of our robot, and 
the desire for computer vision is the reason why we spent very long periods of time trying to come up 
with a way to communicate with an off board processor. The main objective of the Vision Project as a 
whole for the Vision team was to create a system that could hit flags from a very long distance from fairly 
arbitrary positions.  

Progress 
By using threshold filters and contour analysis through the OpenCV C++ libraries, the flags could be 
analysed and the best flag that should be targeted and shot at would be sent to the v5 using the prior 
mentioned communications algorithm. Not many bad things happened, and the system came together 
quickly, part of which being because of the fact that the team invested in the best camera and the best 
hardware available for the task, to ensure there would be no infrastructure problems. The only issues 
faced were those that came into play while trying to understand the odroid and camera well enough, as 
well as the fact that it was the first time that anyone on the Vision team had touched either the odroid and 
the camera.  

Ending Analysis 
At the end of the 4 days, vision was completed and ready for integration with the shooter, with the final 
goal being that the robot could target the best flag and then shoot without any aiming issues.  
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Software- Robot Meeting 11: February 13th, 2019 

Plan 
After finishing the Skills Robot, we had to go out and start working on the Match Robot 

Progress 
Following the same procedure as that of the Skills Robot, we began talking with the mechanical members 
to figure out the state diagram for the Match Robot.  
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From here we must go out and start writing the C++ files based on the logic that can be derived from here.  
Many of the subsystems are quite similar on both bots. The drivetrain being one of them. It was almost a 
direct copy.  
 

 
As one can notice, the difference between the left side of the IDE which shows the drive.cpp file for the 
Skills Robot and the 

Ending Analysis 
With state diagrams made on the new robot, we can now make the actual C++ files that revolve around 
the logic. 
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Software- Robot Meeting 12: February 14th, 2019 

Plan 
We wanted to get the code running for all of the subsystems aside from the Shooter, since the Shooter 
would be highly dependent on the ODroid and has a very complex logic.  

Progress 
Slowly, file by file, the task was done and now we only had to wait on the shooter 

 

 

 

 

 

Ending Analysis 
Now, the majority of the teleop code was finished for the Match Robot and now we had to work on the 
shooter as well as autonomous.  
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Software Meeting 15: February 20th, 2019 

Plan 
With the Vision working as well as the Shooter, it is about time to integrate the two things together in 
order and finish off the Robot. 

Progress 
We first went out and created a simple state that would encompass the different components of the 
shooter subsystem: the flywheel, elevation and spinner.Then we went out and used different controllers 
for each subsystem component. A deadband controller for the elevation and the spinner and a PID 
controller for the flywheel. After spending time to find the encoder tick to pixel ratio in order to see how 
to move the shooter in response to the flag position and integrating everything together, we found a much 
larger problem. The feeder ended up breaking a few days before the competition, we decided to scrap the 
whole subsystem as a whole since we do not have enough time to both spend a few days practicing the 
robot as well as make a new feeder mechanism.  

Ending Analysis 
With everything been calibrated, we were quite disappointed that such a small problem would cause such 
big problems for us. Hopefully, we would be able to perfect the technology and fix the mechanical issues 
that we faced through the season and end up using the shooter later on in the season.   
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Pre-World Robots 

Overview 
As a team our mission statement is “To have fun and win a world championship” in order to build these 
competitive robots we realize that we must never stop innovating.  Through the use of rapid prototyping 
and additive manufacturing from our members hobby scale printers we are able to go from a concept to a 
prototype made out of vex components, lexan, zip ties and rubber bands into a model in Solidworks and 
manufactured in a very fast turnaround time. The reason for going from our prototypes into a Solidworks 
model instead is the large ability to easily fine tune the model and gain a better idea of how it will react 
with the rest of our robot; as well as producing high fidelity and robust components 

Design process 
As seen above as a team we see the importance of prototyping and before we bring anything into 
solidworks it has to go through two stages such as low fidelity and medium fidelity prototypes. Low 
fidelity is our basic proof of concept for our design, which can be made out of cardboard, tape and 
anything laying around often times these are designed around a sketch from a member. After we believe 
in our low fidelity concepts or a member is passionate about his or her idea we will take the concept into a 
medium fidelity prototype which is typically constructed out of vex components and lexan scraps, from 
this medium fidelity prototype we will test to see if it behaves how we would like, if it has any flaws or 
shortcomings which we believe are worth to fix.  If these prototypes are selected we will start to transition 
these designs into Solidworks, this is by done taking measurements, such as dimensions of the prototype 
and any other data deemed important, for example how many rubber bands are needed for our robot to 
shoot consistently from a set distance. After all of this data is collected we will transfer the model into 
Solidworks where we look at how it behaves with the rest of the subsystem then robot. This allows us to 
see if we will have interference problems and know we must go back to our prototypes and address these 
issues before we ever make a part. Finally after this long process we will manufacture the part via additive 
manufacturing, or machining. Our students are trained so that they can create parts in our Fischer 
Engineering Design center on campus, they are able to run our waterjet, cnc router, mills and lathes.  
 
Now that the part is made we are able to integrate it with our robot, and start testing it. Following this 
section we will talk about the designs of our two robots Fuego are 15in3 robot and Rev the 24in^3 robot. 
These robots were designed around our prototypes which were created from our Robot will list. 
.   
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Fuego 
Fuego, named after our favorite restaurant in College Station, fits into a 15in^3 cube weighing in 
at 22.4lbs. When designing the robot to have 5 major subsystems: drivetrain, ball intake, 
Shooter, cap intake, and software. We originally had two 15in^3 the first being named Jimbo 
which was named after our schools football coach which was going to be our drivers skills robot, 
however with the creation of Fuego we found that it performed much better then Jimbo. Jimbo 
was our first robot we built to play turning point so we found things that did work and that didn’t 
behave how we had hoped. Jimbo can be seen below, we still use Jimbo to teach members how 
to code, and play defense when we practice with Fuego and Rev. 

Jimbo 
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Fuego took inspiration from Jimbo in many ways. As you can see they sport almost identical cap 
intakes however we added a wrist motion and elbow on Fuego so that it would be able to turn 
caps to either color, we found this incredible useful because it was able to flip caps on the 
ground, in the robot, and while a cap was scored on a post. 
  

Fuego  
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 Fuego’s ball funneling mechanism went through many iterations ultimately ending in what can be seen 
below. This was critical in creating a consistent shooter because it delivered the ball into our turret the 
same way every match. The lighter yellow is depicted as the ball path from the intake and ultimately the 
more vibrant yellow is the ball after exiting our shooter 
 

Fuego’s Feeding mechanism to the shooter 

 
Our final mechanism is our one of a kind 3d printed turret, With the combination of software and 
innovative mechanical design we made a turret that is able to hit any flag from ninety-five 
percent of the field. The final iteration of our turret can be seen below. We have found the turret 
to be extremely accurate up to ninety percent using our vision software. 
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Rev 
Rev, named after our school mascot, fits into a 24 in^3 cube weighing in at 18lbs. Rev, like 
Fuego, took much inspiration from our original skills robot. We used many of the lessons we 
learned while making Fuego and Jimbo in the process of making Rev. This is the primary reason 
that Rev is so much lighter than Fuego despite the size difference. We knew that we wanted to 
make a linear puncher from the issues that we had with the catapult and difficulties we were 
having with the turret at the time. We emulated the same intake and wrist that was seen on Fuego 
because of its large success. However our arm is only a single jointed because this robot is meant 
to score high post and control possession of the flags throughout the match, eliminating the need 
for an elevator which was on Jimbo or elbow like fuego. 

 
Rev cap intake and Linear Punch. 
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The linear punch of robot drew inspiration from other robots, however we deemed that the ability 
to change our shot angle very helpful so that our driver could shoot all 3 flags anyway on the 
side of the field closest to the flags. Over the past month of testing we have really enjoyed our 
linear punch because of its reliability and simplicity. We eventually added a cupping mechanism 
which can been seen below, It was designed around a ball so that no matter how much defense 
we would encounter the ball would stay within our robot. 
 

Fuego Intake view 
 

 
 
A key part that separates our ball intake apart from other robots is that our rubber band rollers are 
all covered, this was due to the fact that every year during the finals at least one robot would be 
disqualified due to entanglement from there rubber bands being caught in another robot. We also 
added the rubber matting on our front roller because it helped pushed towards our goals of touch 
it own it. 
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Ending note 
At the end of the day we feel great about the robots we have built, we worked towards our 
mission goal and have completed the have fun aspect. We have had a great season to this point 
working with our small team and creating long lasting friendships and helping our new members 
learn as much as possible throughout the year. As worlds is approaching, we are excited that we 
are closer to achieving our goal of having fun and winning a world championship. 
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