


TEAM PLAN
TEAM SUMMARY
We are a community-based FIRST Tech Challenge 
robotics team of 8-10th graders located in St. Tammany 
Parish. We are a competitive team within FIRST - the 
founding organization of FTC that advocated for STEM 
(Science, Technology, Engineering and Math) and 
promotes Gracious Professionalism.

Dark Matter 14374 is a continuation of Dark Matter 
10337 of Mandeville Junior High. When the team was 
unable to maintain its school connection for the 2018-
19 season, parents stepped up and took over the team 
as a community team. We are in our 3rd season as a 
community team and are grateful for the coaches and 
mentors that help keep our team going strong.

MISSION / VISION
Our mission is to build a passionate team that is 
excited about STEM, Robotics and FIRST community 
involvement while having fun. Our goal is to adhere to the values of FIRST by showing Gracious Professionalism® and 
Coopertition in all we do. If we work together we will accomplish our goals and learn important life skills. Our goal 
for the season is to build an efficient robot to accomplish tasks set out in our game strategy. To grow as a team and 
further develop our skills in mechatronics.

COMMUNICATION PLAN
Our team uses various techniques to ensure team members, parents & the public stay informed. This includes:
Website: (www.darkmatter14374.org) used to keep the public informed and help increase brand awareness.
Email Newsletters: keep our family, friends, sponsors and supporters up to date on our team.
Facebook / Instagram / Pinterest: We use social media to increase brand awareness, engage with fans, get the word 
out about FIRST & connect with other teams. We have more than doubled our instagram followers in the last year.

STRUCTURE
Our team has varying areas of contribution from members. While some members concentrate in a special area, we 
strive to include all team members in each area to produce a well rounded experience. We currently have:
• Design/Build Team	 • CAD Team • Coding/Electronics Team • Business/Outreach

SUSTAINABILITY
Funding is an important part of team sustainability. Our goal is to finish the season with $500-1000 banked for the 
next season, so next season the team can have a smooth start.

Mentor recruitment is another important part of sustaining a team. If we cannot find mentors who can help us in 
person, we are looking for virtual mentors we can periodically check in with for feedback and for help with relating 
our problems and solutions to Engineering.

We hope to get more parents and mentors involved so that when team members choose to move up to FRC there 
are experienced adults available to take over coach roles. The Dark Matter team is dedicating to competing atleast 
one more season after the Ultimate Goal season. If there is no interest to continue the team due to team members 
moving onto FRC, we plan to use our resources to help existing team(s) or to help a team wishing to start up.
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ENGINEERING PORTFOLIO

Left to right: Madison, Zachary, Riley, Ryan, Parker, Chase, Gaby



BUSINESS PLAN

Robot Parts & Tools	 $2,500
Registration Fees	 $325
Food	 $150
Game Set	 $525
Website	 $20
Office Supplies	 $150
T-shirt/Spirit	 $275
Bank Fees	 $50
2021-22 reserve	 $1,000
	 TOTAL$4995

ADVANCE SEASON*
(applies only if there is a World Championship)

Swag	 $200
Printing	 $160
Pit	 $100
World’s Fees	 $2,500
	 TOTAL$2960

OVERALL  BUDGET TOTAL $7955

20-21 SEASON BUDGET

Our team understands the importance of teaching students about financial management and fundraising. While the 
team finances are primarily handled by mentors, students get involved by having periodical review meetings, making 
mobile deposits, documenting spending, ordering parts, and contacting potential and existing sponsors. With the 
help of a spreadsheet the team keeps track of our financial goals for spending and fundraising.

Our budget consists primarily of sponsor & family contributions and a carry over fund that helps give a smooth 
transition into the next season. Although we have come under our goal so far for fundraising and sponsorships, our 
team has consistently been able to stay under budget with our spending and not spend more than we are taking in.

FUNDRAISING :  We have pursued various ways to raise funds for our team including a Barnes & Noble Book 
Fair, promoting our Amazon Smile link, opening a Teespring Store where created robotics themed tee shirts and 
other items to sell for profit.
• Barnes & Noble Book Fair  / Fundraiser         • Amazon Smile
• Teespring Store (created robotics themed tee shirts & other items to sell- we make a percentage from sales)

DONATIONS : Our team does not ask for fees from team member families, however, we do ask that each team 
member fundraise atleast $250. Some team members choose to make a donation or get family, friends or businesses 
they are connected with to donate to the team to raise this money.

SPONSORSHIPS : Dark Matter realizes the significant impact of team sponsors and plans to attract more 
large sponsors and reach out to the community for improved local support. Because our competitions are virtual this 
season, we have revised our sponsor benefits this year giving more virtual and online recognition to sponsors. (We 
will not be offering print recognition). We are also offering multiple benefits for any sponsorship over $100. Giving 
the opportunity for even small businesses to make a big difference. We send every sponsor a handwritten thank you 
note from the team regardless of the amount donated. The following are our sponsors:

	 • Liatram LLC / Sponsor	 • Innovation Labs / Sponsor	 • Actobotics / Sponsor
	 • Rauch Designs / Sponsor	 • 4th Generation Craftsman / Sponsor	 • Therapeutic Concepts / Sponsor
	 • Fort Knox Storage  /  In Kind Donation    • Family & Friends

Sponsorship Levels:
•	 Automatic newsletter sign-up
•	 Your business listed on our team shirts* (*must be in by 3/1/21)
•	 Your business logo featured in all our robot videos (8-14 videos)
•	 Special recognition on social media including Facebook and Instagram
•	 Special thanks & recognition included in our monthly newsletter
•	 Your logo on our website homepage and sponsor page
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BUDGET PLANNING: Our budget encompasses both team revenue 
and expenses. It is a living document, constantly changing. Saving money 
on some projects, such as office supplies and uniforms, whenever possible, 
is a constant goal.

We use an Excel Sheet to keep track of our season budget. We set our 
expected spending for the season, 
then we set our fundraising goals to 
cover those expenses. We calculate 
these numbers based on expenses 
from previous seasons. We input our 
expenses and any funding received 
(donations/sponsorships) and the 
spreadsheet tells us if we are coming 
at, below, or over budget and we 
adjust our plans accordingly.



Dark Matter is very interested in making a positive impact on our 
community that helps to support us through representing our team and 
the FIRST organization at the following:

OUTREACH
Demos & Outreach Events are an important part of spreading the word 
and showing others what an FTC team does. Once our current season 
robot is running we use it at demos to showcase the game and how our 
team has started to build a robot to compete in that game. We enjoy 
talking with parents and kids about FIRST and the different levels of 
FIRST. If interested, we direct them to teams in their area or at their 
school. We believe if you can foster a love for robotics at a younger age, 
the kids will stay involved in FIRST and eventually move to the FTC level 
once they get older as a few of our own team members have.

Our outreach/demo activities so far this season:

STEM@HOME  /  SUMMER 2020
During quarantine we shared STEM related resources on social media and 
created “Stem at Home” activity videos for families to enjoy at home.

MANDEVILLE HIGH TEAM #2992 CAMP DEMO / 8-21-20
We gave a demonstration of our Skystone robot at FRC Team 2992’s 
Summer Science Camp.

BARNES AND NOBLE / 12-19-20
Our team hosted a book fair at Barnes & Noble. We offered free gift 
wrapping, greeted customers and drove our drivetrain. We used this as 
an outreach opportunity to talk to customers who stopped by our tables 
about our team and FIRST. We handed out FIRST brochures and even 
discussed mentorships with a few individuals.

INFINITY SCIENCE CENTER / APRIL/MAY 2021
We contacted The Infinity Science Center just after they reopened 
in March 2021. We are scheduled for robot demonstrations at two of 
their upcoming events:  April 18 Pop Up Science Event and their large 
Memorial Weekend Event.

COMMUNITY SERVICE & VOLUNTEERING
Volunteering and helping local organizations is important to our 
team. We want to make a difference even beyond the FIRST 
organization by being involved in our community.

OUR VOLUNTEER ACTIVITIES SO FAR THIS SEASON:

EAR SAVERS FOR LIFE SAVERS  /  APRIL 2020
Members of our team 3D printed ear savers for healthcare workers. We 
distributed over 300 ear savers to doctors, nurses, EMS Workers, and 
other healthcare workers locally and even mailed some as far as Texas to 
those in need.

KEEP MANDEVILLE BEAUTIFUL  /  9-26-20
Our team helped pick up trash at the Keep Mandeville Beautiful Citywide 
Cleaup.

Our team hopes that if Covid restrictions continue that we can find 
new and innovative ways to bring FIRST to our community in a safe 
way.

HIGHLIGHTS

Stem@Home

FRC Team #2992 Camp Demo

Keep Mandeville 
Beautiful Citywide
Cleanup

Ear Savers for Life Savers

CONNECT & MOTIVATE
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Stem@Home

Marcus Bernstein

Matthew Schaff

Team #11819 Mostly 
Operational Zoom

CONNECTIONS
Kathy Foley	 Castine Center / Pelican Park Director
Innovation Labs	 Sponsor/STEM Connection	
Mr. Mike Sonnier	 Computer Engineer / Part-Time Mentor
John Wenzel	 Intralox Employee / Part-TimeMentor
Matthew Schaff	 FRC Team #2992 Code Lead  / Code Mentor
Marcus Bernstein	 OnShape CAD Class Teacher
Tracy Rauch	 Marketing / Design
Bryan Rauch	 Electrician / Refinery Electrical Supervisor
Team Mostly Operational	 Team Connection - FTC #18119 from Oregon
Robots to the Rescue	 FRC Team #2992 Collaboration
Mr. Brad Bell - Fabric Inc.	 Robotics Business Connection	
Team #13017 Podcast Guest	 Team Connection - Zoom
Infinity Science Center	 Outreach Connection

We have reached out to individuals in our community who are in the Engineering 
& STEM field. Our team would like to showcase our robot and receive feedback 
while also learning about their job field. Team members are excited to learn about 
different jobs/opportunities that are available in the STEM/Engineering world.

Elizabeth Berner / Licensed Civil Engineer
We will soon be meeting with Mrs. Berner. At this moment, she is working on a 
specialized Launch Tower that is intended to be used for the Artemis 2024 mission 
to Mars. We are excited to meet her!

6’ wide polypropylene with 
rubber coating, flush grid 
friction conveyor belt

Ramp

6in Wheels

Custom Drive 
Train Plates

Custom Lift System -

Horizontally powered b
y 

actuator mechanics and motor

ROBOTS TO THE RESCUE
Onshape robots to the rescue challenge was a challenge for FRC & FTC teams to 
build robots using Onsape CAD to solve real world problems. Our team collaborated 
with local FRC team #2992. Each team built their own robots and submitted their 
own project presentation. We worked together on design and making the two robots 
work together as a unit for the mission of contact-less grocery delivery. Winners were 
announced May 29th, 2021. Our team placed 69th out of 151 teams who submitted 
robots. This was a great opportunity to practice the CAD skills we learned from our 
Onshape CAD classes with Marcus. The following is an overview of our mechatronic 
solution to minimizing health risks.
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GAME STRATEGY
AUTONOMOUS
We believe it is important to maximize points scored in Autonomous, as well as End Game. Our goal is to have a 
dependable auto for shooting 3 rings in high goal, reading rings and placing wobble in correct zone, then parking. 
Since qualifier we have improved our auto to go back for a 2nd wobble goal.

TELEOP
Drivers will intake and set up for high goal shots in teleop. Drivers try to catch rings as they come are re-introduced 
to the field so we aren’t wasting time moving around the field picking up rings. The drive coach is pivotal in guiding 
drivers to the best rings to pick up and being ready for end game. The last 15 seconds of teleop are used to retreive 
3 rings for end game use and be positioned to move the wobble for end game. If a wobble goal was missed during 
auto it is important to move it out of the launch zone in teleop so it can be scored at end game.

END GAME
As end game approaches our goal is to have 3 rings in bot and grab a wobble goal and be ready. At end game 
buzzer we advance into launch zone and drop wobble in drop zone, then retrieve the 2nd wobble and drop in drop 
zone. After dropping wobble goals we line up for power shots. If time is short we should go for 3 fast high goals.

PARTNER STRATEGY
Due to events being remote this season, there will be no alliance partners to compete with. However, at the start of 
the season when developing our systems we did not know what competitions would look like. We decided to build 
our robot to be prepared for running with other robots on the field. Therefore we designed our shooter to shoot 
from a high point on our robot. This would prevent other robots from blocking our shots if other bots were on the 
field. This design component dictated the general layout of our robot (where mechanisms would be, one feeding 
into the other).

ROBOT OVERVIEW
Subsystem: Drivetrain
Description: Our drivetrain is a 6 wheel tank drive powered by two 20:1 NeverRest motors. This is the team’s 3rd 
year using this drivetrain design. We chose it for its maneuverability created by using a drop center wheel design. It 
essentially divides the wheelbase in half and turns the robot into two four-wheel-drive sections. This reduces friction 
on outer wheels to give us a very smooth turning robot.

Subsystem: Intake
Description: Our intake was fully designed in CAD before it was put on the robot where it was improved. There are 5 
spinning shafts with latex tubing arms to grab the rings. The shafts are linked by chain and powered by an ultraplanetary 
HD hex motor with 18.9 gearing for speed. An innovative part of our intake is that the first set of arms has an 1/8inch 
O-ring in a figure 8 shape, this makes them spin in opposite directions to pop the rings up onto our ramp.

Subsystem: Lift / CAN / Feeder
Description: The rings move from the intake into our CAN system that allows us to hold 3 rings. The CAN is attached 
to a lift which is a crucial part of the robot because it takes the rings from the intake up to the shooter. Our lift is a 
lead screw linear actuator powered by a Ultraplanetary HD Hex Motor with 8.4 gearing for speed. Motor drives lead 
screw with two gears at a 1.33 gearing. Our yeeter is a servo powered arm, attached to the CAN, that yeets the rings 
into the shooter. 

Subsystem: Shooter
Description: We use a 6in fly wheel because it has more contact area with the ring which allows it to hold more energy 
and retain speed. We used a 90 degree curve to maximize the amount of time that the ring stays in contact with the 
wheel.Our shooter is mounted at the top level of our robot at a 30 degree angle giving us a lower arc causing rings 
to go into goal at the peak of flight. We shoot from the side of our robot, this allows us to drive parallel to the goal to 
line up for shots.

Subsystem: Wobble Mover
Description: Our wobble mover mechanism is an xrail arm that rotates to grab and lift the wobble goal. It is powered 
by a Rev ultraplanetary HD hex motor geared 100 to 1 for more control. We utlilized 3D printed brackets and a servo 
for grabbing the wobble goal stick. Vision Sensing with a logitec camera and Tensorflow to recognize rings and deliver 
a pre-loaded wobble to the correct zone in autonomous.
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THE FOLLOWING SECTIONS HIGHLIGHT THE
DESIGN PROCESS OF EACH OF OUR ROBOT’S MECHANISMS..

The Drivetrain moves the robot around the field, allowing the 
manipulator to work with the field elements. 

WEST COAST DRIVE OVERVIEW - Built in Skystone Season

•	 6 wheel tank drive. Right and left sides operate 
independently

•	 High traction and pushing power
•	 Robust construction using 2 sets of 3 wheels, each set 

sandwiched between 1/8” thick metal plates.
•	 Assembly stiffened by using 2 sets of 3 churros to connect 

the exterior and interior plates of the right and left sides
•	 The interior plate has additional 1/8” and 1/2” holes cut to 

match the configuration of the actobotics c-channels and plates. 
This allows multiple designs to be built on the same drivetrain.

•	 We can change from four to two motors without sacrificing 
noticable speed or power. We use 20.1 NeveRest motors.

•	 Easy driver control
•	 Maneuverability created by using a drop center wheel design. 

Center wheels are lower  (1/8”) than the surrounding wheels on 
the front and back end of the robot. This drop center wheel allows 
for rocking for low friction turning.

•	 Turns the robot into two 4WD sections, depending which half the center of gravity 
(CoG) is on, whether the robot is accelerating/decelerating, or pushing or pulling a 
game piece or opponent

•	 Reduces normal force (FN) on outer wheels
•	 The closer the CoG is to the middle of the robot, the lower  (FN)  (and
•	 Therefore friction force (FF) will be on the outer wheels

OUR DESIGN
PROCESS

DRIVE TRAIN

ENGINEERING

Cons: Can’t Strafe. Bulky Design

The layout of our robot had to be carefully thought out because our drivetrain 
cannot strafe. With mecanum wheels you can drive up to the line and move 
left or right to adjust shots. We are not able to do this with our West Coast 
Drivetrain.

To address this maneauverability issue we designed our robot to shoot from 
the side. We shoot from the side of our robot by intaking from the front of our 
robot, feeding rings through a 90º turn before shooting.

(credit to simbotics.org presentation for this 
drop center wheel explanation information)
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GOAL: Design a mechanism to grab and move the wobble goal 
in auto to a specific target zone, and then drop over wall at end 
game. Wobble goals not moved during auto need to be moved out 
of the launch zone over white line so they can be scored during 
end game.

INITIAL BRAINSTORM SESSION NOTES:
•	 Wall is 1ft tall. Needs to lift over and extend over wall to drop. 13-24 in of lift.
•	 Needs: to fold inside robot. Secure grasp. Control drop.
•	 Linear actuator for lifting. Cascading rail for extension. After 

thinking about the time these mechanisms would take to lift and 
extend we decided a roating arm would accomplish the same 
motions with one motor/motion.

•	 V-shape mechanism that would rotate up and down from side of 
bot. While developing this idea we ran into problems: The main 
problem was how to mount so it would be low enough to grab 
wobble, yet high enough to lift wobble over the wall. Would consist of an arm that 
would rotate about 180 degrees.

FINALIZING IDEA: A design based on an idea of using brackets for grabbing the 
wobble stick. This design would need an arm. We started by CADing brackets. Arm 
would be stored inbot, then rotate up and over front of bot to grab wobble. Our 3D 
printed brackets would be on the front of the arm. We could drive right up to the 
wobble to grab. Servo to open and close our grip on the wobble’s stick. 

BUILD: Arm is an 8 inch long x-rail, a 7 hole plate mounted to end of xrail with 
T-nuts at a slight angle. This plate holds our gripper consisting of a moveable 
bracket connected to a high torque servo that opens and closes. 2 brackets 
above and below mounted to the plate securely hold the wobble goal’s stick. 
Arm is supported by a 13 hole C-Channel is mounted over front right drive well. 
Motor mounted on outside of c-channel, shaft running through 2nd hole from 
top, bearing on outside hole for stability. A spacer is placed between channel 
and xrail. Shaft runs through xrail and secured by a hex hub.

OBSTACLES:
•	 Wobble goal was falling out of our 2 brackets. We added a 3rd bracket with our 

moveable bracket in the middle allowing us to securely grasp the wobble’s stick.

•	 The standard servo we used in first iteration did not have strength needed to hold 
the wobble arm when in up position. We changed servo to a Gobilda high 
torque servo. This servo gives our open/close bracket more strength. We 
geared up from 135:1 (110-150 oz-in) to 300:1 gear ratio (240-350 oz-in).

•	 Arm rotation was very hard to control during early iterations. We replaced 
the 20:1 Neverest motor to a HD Hex Motor geared 100:1. We considered rotating with 
chain or gears or adding a spring. We decided to solve by gearing up our 
motor gave our arm rotation more strength and control, resulting in a slow 
controlled movement of our wobble mover arm. Motor change also solved a 
problem we had with our arm falling off because the clamping collar would not hold. With the hex motor we were 
able to mount arm directly to the shaft attached to the motor.

WOBBLE ARM CONTROL:
Initial coded to have 3 points. Coded arm control to 3 points. (pad left) In bot, (pad up) 90* turn so it is straight up 
(for pick up), then (pad right) another 90 so it is out in front the bot for grabbing wobble. Revised for driveable 
control. Button Dpad left to turn arm to rotate out the bot and button D pad right to rotate arm back into the bot 
(holding button until it is to desired position in bot)

WOBBLE MOVER
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INTAKE
GOAL: Mechanism to retrieve rings from field and intake into our robot. Overall goal 
is for our intake to be quick and reliable. For efficiency it needs to be “grab and go” for 
quickly retrieving rings and getting to position to shoot.

BRAINSTORMING:
•	 Draw in with a belt system
•	 Rows of compliance wheels to sweep over rings. Rings would have to be close together so 

there is contact with ring at all times (due to center hole).
•	 Brush intake with rows of tubing tentacles. Tubing spacing would 

have to alternate. One arm would feed into the next up the ramp.
•	 Would need a ramp to get rings up and into our robot. How do we 

get rings onto ramp without the ramp dragging?
•	 One motor with belt or chain to link multiple shafts.
•	 Overall goal is for our intake to be quick and reliable. For efficiency it 

needs to be “grab and go” for quickly retrieving rings and getting to 
position to shoot.

BUILD: Our intake was fully designed in CAD before it was put on the 
robot where it was improved. There are 5 spinning shafts with latex 
tubing arms to grab the rings. Intake system is powered by an HD Hex 
motor spinning the 3rd tubing shaft. The shafts are linked by chain and powered 
by a hex motor. An innovative part of our intake is that the first set of arms has an 
1/8inch O-ring in a figure 8 shape, this makes them spin in opposite directions to 
pop the rings up onto our ramp. 

OBSTACLES:
•	 How to get ring onto ramp. Ring was jamming up against our ramp. We solved this by adding 

a reverse foam roller intake arm. First arm grabs ring and draws it into the foam roller. 
The reverse motion of this roller created by a figure 8 o-ring belt. The rings hit this roller and 
pops the ring up and onto our ramp.

•	 How to figure out spacing and mounting of arms: We utilized CAD for designing our 
intake idea and creating custom brackets.

•	 We first designed with o-rings connecting the shafts. After prototyping and testing we 
changed to chain because the o-rings slipped. We kept the o-ring connecting first arm to 
the foam roller for the reverse motion.

•	 O-rings kept slipping out the pulleys. We added sprockets on each side of the pulley to act 
as a wall to keep o-ring on pulley.

•	 Getting our ramp just right took a lot of testing and refining. We ended 
with a 2 part ramp design that allowed us to have guides on the top 
portion.

•	 Intake arms were not grasping or moving rings fast enough. We added 
zip ties through some of the tubing to stiffen them and also on shafts.

•	 Rings were flipping into can and getting stuck: We attached a flat 
hole plate at the end of our ramp to keep the rings from flipping and 
keeping them flat to go into our CAN properly

•	 After qualifier we wanted to speed up our intake to allow us to get 
more cycles shooting rings in teleop. We replaced the 72:1 hex motor 
with an ultraplantary HD Hex Motor allowing us to use gear boxes to gear 
at approx. 18.9 : 1 resulting in more than doubling our intake speed. 

CONTROL: Intake is coded for control with left trigger turning to intake in, left 
trigger reverses in case of a jam. Hold trigger down to power, let go to stop.
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GOAL: Design a functional system that holds 3 rings to be fed into our shooter allowing us to shoot one ring at a 
time. 

BRAINSTORMING:
•	 Do we have enough space to hold 3 rings in bot then control them being fed into shooter?
•	 Intake them into something that would hold 3 rings to be fed into shooter one at a time. CAN?
•	 We will need a mechanism for lifting rings from intake to the shooter stage of our bot. Or intake up to our shooter. 

Can we get them high enough to drop into a can?
•	 Mechanism to push rings into shooter controlled shooting allows us to refine our 

shooting during cycles or adjust our position to line up for power shots.

SYSTEM DESIGN: Our final design consists of a 3D printed CAN our rings drop into 
from intake ramp. CAN mounted to lead screw liear actuator bring CAN and rings 
up to our shooter. Servo controlled arm pushes the rings from the back of the CAN 
into contact with our shooter wheel.

The below will highlight the design and problems we solved 
with each mechanism that makes up this system that gets our 
rings from our intake to our shooter.

CAN/ LIFT / FEEDER SYSTEM

CAN
GOAL: 3D printed circular CAN design to hold 3 rings. An opening at the 
back of the CAN would allow a small arm to push the rings seemlessly into 
contact with the shooter wheel to shoot. CAN is mounted to our lift system.

BUILD: 3D printed circular CAN design to hold 3 rings. An opening at the 
back of the CAN would allow a small arm to push the rings seemlessly into 
contact with the shooter wheel to shoot. CAN is mounted to our lift system. 

OBSTACLES:
•	 We added a side wall and high back wall for keeping rings from going over 

CAN. (CAN revise 2)
•	 When we moved to a linear actuator/slide system for our lift 

we revised our CAN by adding a hole pattern for mounting 
CAN to the c-channel that will be driven on the lead screw. 
(CAN revise 3)

•	 Once we put or shooter plate on our robot we quickly 
realized our CAN would need an angled floor to match the 
angle of the shooter.We also added a floor that extends out 
the front of the can to create a floor for the CAN to match 
the shooter plate (30degree angle). These changes were 
needed so the rings seemlessly feed into the shooter. (CAN 
final)

•	 CAN would not line up with our shooter plate. Because we could not 
structurally move our lift system over the needed amount of space, 
we added a .5in thick 3D printed spacer between our CAN and the 
C-channel. This lined up our CAN in the cut out of our shooter plate.

•	 CAN was a little wobbly, especially when our shooter was on, we 
braced the lift to a c-channel mounted directly on side the lift.
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LIFT
BRAINSTORMING:
•	 Because we want to shoot from a higher position we do need a way to raise the CAN 

up to the shooter level.
•	 Rack & Pinion? Linear actuator?
•	 Has to start low and raise to top  level.
•	 CAN will attach to lift
•	 We discussed liner slides/actuator options:
•	 Pinion - would not work because height would not allow full length of travel (better 

for smaller or side to side motion)
•	 Linear slide with linear bearings - may be too bulky
•	 Channel Belt slide - speedy, has full range. Can mount motor on side and direct drive.
•	 Lead screw - full travel. Would have to drive with gears.
   More linear thrust than belted channel slide.

BUILD: Lead screw linear actuator supported by an x-rail. 
Powered by a 9:1 Ultraplanetary HD Hex Motor. Driven by an 
64T driver gear that moves a 48T driven gear to raise the lift 
8 inches to meet our shooter plate.  Motor attached to side of 
a 4 hole c-channel mounted to the left inside drive train plate. 
Lead screw and x-rail is attached to the top of this c-channel. 
A small U-channel is attached to x-rail roller brackets (Our 
CAN attached to this). Lead screw is threaded through a lead 
screw nut attached to the small U-channel with an end plate 
which allows the c-channel to drive up the lead screw, along 
the xrail, as it turns.

OBSTACLES:
•	 We first used a linear actuator inside an xrail (system similar 

to one we used in rover ruckus). This caused the xrail to rise 
really high out of our bot. We switched to a linear actuator that slides a c-channel up and 
down the full length of the screw. This also gave us a smoother lift.

•	 Lining up lift with shooter plate. We had to move our lift toward the back of our bot so it would line up with our 
shooter plate. We attached to rear of our inner drivetrain plate and moved motor mount to the other side of the 
channel to keep it inside 18in.

•	 Speed- We needed to speed up our lift. We geared up using gears we had 
putting smaller gear on our lead screw, keeping larger gear on our driver. 
This will increase the speed of our lift. Previous gearing was 64T/48T = 1.33. 
Geared up to 84T/48T = 2.33. This resulted in a faster lift.

•	 During qualifier match runs we spend alot of time waiting for our lift to lift the 
rings to the shooter. We wanted to speed up our lift more than gearing lead 
screw would allow so we changed the motor. We replaced the 20:1 motor 
with an ultraplanetary HD hex motor which allowed us to use gear boxes 
to gear the motor for more speed. We used two 3:1 gear boxes making our 
motor 9:1

CONTROL: We started with 2 limit switches but the switches were not 
stopping our lift. We think it is possibly moving too fast or bad switches. We 
changed to controlling by setting limits. Our CAN lift code uses motor encoders 
to “run to position” (starts at 0 “up” position) and runs to a set position. This 
keeps our CAN move between to the two positions we need to intake and 
shooting. We set the intake motor to “zero out” at the start of driver control. 
This resets the 0 up point so our positions are always accurate.
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YEE TER
GOAL: Mechanism to quickly and reliably push rings out the CAN and into 
the shooter.

BUILD: A 6inch long beam mounted to a GoBilda dual mode servo.

OBSTACLES:
•	 It was challenging figuring out how to attached the yeeter servo at the 

correct angle to our lift/CAN. We first mounted an L bracket to the lift 
C-channel that rises. Then attached the servo mount at an angle using 
the hole pattern. This gave us a downward angle trying to match the slot 
in the back of our CAN. The angle still did not math up with our slot so 
we added a spacer between the servo mount and servo on one side. This 
posititioned our arm in our slot.

•	 Servo was not working. We had a bad servo. New servo is a Gobilda High Torque Servo.
•	 Beam was too short. This caused the beam to get stuck in the center rings wen the rings dropped down in the 

CAN after shooting. We did not have a longer beam. We used wire and duct tape to extend our yeeter another inch.

CONTROL: Toggle button (Controller A Button B) that will advance arm into CAN then immediately pull back out so 
we are ready for the next shot.

SHOOTER
GOAL: Accurate shooter that can’t shoot more than 16feet. We want to shoot from the side of our robot so we can 
drive parallel to the goal and power shots to line up. We also want to shoot from the top part of our bot to keep other 
robots from blocking our shots. (At the time of this decision, after release, we did not know if there would be in person 
competitions with other bots on the field. We decided to build our robot as if in person competition was possible.)

BRAINSTORMING: We started by brainstorming different shooters:
•	 Single wheel curve- will put spin on rings and could make them fly more consistently/accurate. (creates upward lift)
•	 Double fly wheel. More power, 2x as fast as single wheel, pushes ring evenly on both sides.
•	 Single wheel shooter- rules this out because it will be less accurate a due to curved shooting.
•	 How to shoot high goal and power shots with one shooter angle? Shooter could move up down?

KEY FACTORS FOR SHOOTER:
•	 Shooting from higher on our robot gives us a lower arc. A higher arc needs a 

higher velocity. 
•	 Larger the wheel the more contact area for ring.
•	 90 degree curve.
•	 Want the ring to enter the goal at the peak of its parabola arc. 

There are four basic forces that affect trajectory. Here they are,
in order of importance:
•	 Gravity - In a vacuum, objects near the Earth’s surface accelerate downwards 

at a rate of 32.2 feet per second squared.
•	 Buoyancy - This force goes in the opposite direction of gravity, and is 

proportional to the weight of the air displaced by thering (the same force 
that causes a helium balloon to rise). This offsets the effect of gravity by 
about 1.5%, resulting in an expected net acceleration of 31.7 feet per second 
squared.

•	 Drag - As the ring moves through the air, it is essentially pushing that air out 
of the way, and the air pushes back in accordance with Newton’s Third Law. 
This force is in the opposite direction of the ring’s velocity, and proportional 
to the ring’s speed and the density of the air.

•	 Magnus effect - This is the effect the ring’s spin has on its flight path Adding 
spin to a shot, in effect, creates a slight upward lift on the ring’s trajectory.

Why a 6in wheel?

Greater the Radius
Greater the Distance
Greater the Tangental Velocity

Tangential velocity is calculated by 
taking the circular distance divided 
by the time it takes to go around the 
circle or period (T).

Tangential velocity increases the 
further away from the axis of a 
rotating object, since the radius in 
the numerator would always increase.
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BUILD:
•	 We went with a 6 inch wheel for more wheel surface. A larger and heavier wheel will also give 

more speed and help retain speed (holds more energy).
•	 With the 90 degree curve we found the best and most accurate shooting was with .5 inches 

of compression on the ring. We used this information when creating the curved walls around 
the shooter wheel, the wall is 4.5 inches from the wheel, which creates .5in compresssion on 
the 5inch ring. The curve will also put a spin on our rings giving them upward lift.

•	 Shooting arc. We decided to use a shooting arc ideal for High Goal. We can get power shots 
with a lower RPM speed on our motor, dropping our arc.

•	 We utliized a parabolic arc and flywheel math spreadsheet to determine our shooting arc and 
RPM. It indicated we should mount our shooter at a 30 degree for our desired arc.

OBSTACLES:
•	 Building a frame to hold our shooter plate and wheel was challenging. We first used 

flat hole plates that turned out to not be sturdy enough and caused our shooter to 
shake and wobble. We changed to C channels bracing shooter. Xrails mounted to the 
cchannels, then the shooter plate rests on top at a 30degree angle.

•	 Our shooter motor was not stable- we used thicker polycarb and mounted motor 
directly to the plate.

CONTROL: Shooter is controlled by two buttons. One button at a low RPM for shooting 
power shots. And another button at a higher RPM for shooting High Goal shots.

*see following page for how we refined our shooter after qualifier.
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REVISIONS/IMPROVEMENTS SINCE QUALIFIER
During qualifier robot runs our cycles for shooting rings in teleop were slow. To improve and score 
more points we know we need to speed up our cycles. We wasted alot of time in two areas: picking 
up rings and waiting for our lift to bring rings up to the shooter. We believe speeding up these two 
mechanisms will allow us to have faster cycles in teleop. In addition, in the last 2 robot runs our 
shooter became unreliable and inaccurate, we evaluated this issue and fixed as referenced below.

SHOOTER
PROBLEM: The Output stage on our Ultraplanetary motor was damaged. We believe 
it was due to the force of the shaft being pushed sideways when our rings go through 
the 90 turn in our shooter. This caused the shooter wheel to wobble and made our 
shots inaccurate in our last robot runs for qualifier.

SOLUTION: Brace the shooter wheel shaft above the wheel to prevent movement.
•	 We replaced the damaged output stage on our motor
•	 Created a brace structure in CAD. Used a CNC to cut the brace out of .25” 

polycarb. A 1/2” ID bearing placed in the center to support the shaft. Brace will 
have 4 points for stability. Using spacers and screws to mount to shooter plate

•	 Adapting shaft: motor takes a .25 hex shaft. We used REV 1/2” UltraHex Shaft to 
adapt the REV 5mm Hex Shaft.

•	 We also lowered our shooter slightly so the rings has more contact area with the 
wheel. We cut out a 3x3 hole in our shooter plate. CNC’d a 3.75” custom polycarb 
plate with motor mount pattern. Motor is mounted to this plate, then plate is 
mounted under the existing shooter plate, resulting in a .25 drop in the wheel.

INTAKE
PROBLEM: Intake too slow causing slow cycles shooting rings in teleop.

SOLUTION: Speed up Intake. 
•	 We had to replace a Core hex motor (where motor directly turned shaft) to an Ultraplanetary 

Hex motor where we had to use chain to turn our middle shaft. To mount this motor we 
created custom plates in CAD and CNC’d them. These plates had hole pattern to mount 
motor to plate and hole patterns to mount the plate & motor to a c-channel.

•	 C-channel was mouted to the c-channel across the  front of our bot where the motor is 
above our intake and the shaft lines up where our core hex motor was. By using an addition 
sprocket on the middle intake shaft and a sprocket on our motor shaft, we are able to get 
power to our intake shaft with chain.

•	 Changing to the Ultraplanetary HD Hex Motor gave us the ability to use 2 gear stages (5:1 & 
4:1) to gear the motor 18:9 for speed.

LIFT
PROBLEM: Too slow causing slow cycles shooting rings in teleop.

SOLUTION: Speed up Lift.
•	 We changed our 20:1 neverest motor to an Ultraplanetary HD Hex Motor giving us the ability to 

use two 3:1 gear stages to gear the motor 8.4 for speed. 64:48 tooth gears to turn lead screw.

CODE
•	 We changed our autonomous turning to field oriented turning so errors in turning do not add up 

causing us to be off course to grab wobble goals.
•	 Power shot button: We created a button for moving forward needed distance to line up for the 2nd 

and 3rd power shots. We line up and score 1st power shot. Then hit button to line up for next shots.
•	 We improved our autonomous by scoring a 2nd wobble goal.

Overview: Our previous autonomous program objectives were to score 3 high goals, place wobble 
and park. We improved our auto by also retrieving and placing a 2nd wobble goal (extra 15pts). By 
revising the above we were able to improve our total robot score by 414 points (an average of 69 more points 
per match).
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CONTROL/CODING
DRIVETRAIN:
Tank Drive- Each side of the drivetrain opperates 
independently. For turning the sides move opposite. 
Turn driving they move forward or backward in sync.
Deadzone- This sets it so the joystick has to be 
moved slightly before it will start to move.
Zero Power Brake- Helps reduce float as motor stops
Run Mode- Uses motors encoders to look at speed 
so we can control speed and not power. We want to 
look at speed and not power so that our speed will 
not fluctuate depending on battery power. 

RING DETECTION:
We utilized a legitec webcam and Tensor Flow 
(using provided code sample from FIRST) for ring 
detection. We first had trouble reliably reading rings 
until we learned how to access camera view through 
the driver station phone app. This allowed us to 
check the alignment of our camera to determine if 
it is in the correct position to see & detect the rings 
accurately.
•	 When camera sees 4 rings telemetry says “Quad”, 1 

ring telemetry says “Single”, 0 rings telemetry says 
“Zero”

•	 Depending on which set of rings is recognized, the 
appropriate program will run to deliver wobble goal 
to the correct target zone

AUTONOMOUS:
Field Oriented Turning in Auto- This allows our 
turns to always be relative to the field. We turn to a 
specific heading. Without this type of turning, errors 
in turning would keep adding up in our autonomous 
run causing us to be off target for key moves like 
shooting or grabbing the wobble goal. The bot at the 
start of auto is facing a ZERO heading. Any turn to 
the right is a heading of 0 to +180. Any turn to the 
left is a heading of 0 to -180. The robot will always 
take the shortest path to the desired heading.

WOBBLE ARM:
We first had our wobble arm programmed to 3 
positions: in bot, rotating up 90 degrees, and 
rotating out in front the bot for grabbing wobble. We 
used PID to control the rotation of the arm, which 
was very jittery. Once we changed the motor rotating 
the arm to lower gearing, we were able to rotate 
the arm with a controlled movement and changed 
code to have the driver drive the arm to the needed 
positions. Rotating in and out of bot.

INTAKE:
Set power in init, right trigger power on, left trigger 
negative power to reverse

LIFT:
We first used limit switches to set up and down limits for our 
lift. However our lift speed was causing the limit switches 
to overshoot making our lift stop at inaccurate positions. 
We decided to control our lift by setting our up position 
to ZERO in INIT and setting the motor to “run to position” 
making our lift travel along our lead screw to a specific down 
position (for intaking) then back to zero for the up position 
(for shooting). This helps our CAN always go to the same 
specific position for shooting each time is it raised.

YEETER:
To create controlled rapid fire, we coded our Yeeter on a 
toggle button and timer. This allows the yeeter servo to 
move to position and immediately pull back and be ready for 
the next shot.

SHOOTER:
Speed Control- We convert the motor encoder tics to RPM 
to keep our shooter at a set speed. We use PID to help it 
maintain the right speed and also help the shooter wheel 
recover faster.

Our shooter is set to one button at a high RPM for shooting 
rings in the high goal and another button set at a lower 
RPM for making power shots. The difference in RPMs give 
us the needed lower or higher parabola arc for shooting at 
targets of different heights. This allows us to shoot from one 
distance making it easier on drivers. 

Power Shot Alignment- For power shots in end game, we 
line up for our first power shot, if that shot hits the target 
a button can then be used to move forward a specific 
distance. This distance will automatically move the bot so 
our bot is lined up for the 2nd power shot, then pressed 
again to line us up for the 3rd power shot. This cuts down 
time on adjusting or over/under shooting our needed 
positions to hit power shots.

Toggle Button to Shoot- To create controlled rapid fire, we 
coded our Yeeter on a toggle button and timer. This allows 
the yeeter servo to move to position and immediately pull 
back and be ready for the next shot.

TELEMETRY:
We utilize telemetry for checking certain mechanisms 
through the driver app while the program is running.Shooter 
RPM, Shooter set speed, wobble position, gyro, lift position, 
wobble gripper position

PID: (Proportional Integral Derivative) control works by 
controlling an output to bring a process value to a desired 
set point. The PID controller does this by monitoring a 
specific input (the process value), calculating how far away it 
is from the set point, and using this information to calculate 
the output. We utilized PID on our shooter and driving the 
wobble arm.
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Autonomous:
Steps for Zone A:
1.	 Read rings

Turn on shooter
Move forward

2.	 Turn right 90º
Yeeter out
Move forward (this lines us up for shooting)

3.	 Shoot 3 rings in high goal
Slight left turn

4.	 Move forward
Rotate arm, open gripper to drop wobble in zone
Turn right to 170º heading
Move forward

5.	 Turn to left slightly (so wobble is in gripper) 
Close gripper
Reverse to white line and turn left
Move forward to zone A

6.	 Rotate arm, open gripper to drop wobble in zone
Turn left and move forward over line

7.	 Park

• We refine the last steps for delivering to Zones B and C
• All steps through #3 (shooting rings) are the same,  
  the program then branches out to “if/do” statements 
  depending on which stack of rings is detected.

If it reads “None” it will follow steps to 
deliver to zone A
If it reads “Single” it will follow steps 
to deliver to zone B
If it reads “Quad” it will follow steps to 
deliver to zone C

OUR FINAL BOT
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Our team took the Fair Play Pledge


