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Goals for ‘17-’18 Season
• Design a competitive and functional robot.
• Seek new sponsorship to replace reduced income from Hurricane Harvey 

effects.
• Custom design and manufacture as many parts as possible using 3d printing 

and  a CNC router.
• Design completely in  CAD before building and manufacturing.
• Use a modular design for ease of repair and upgrading.
• Apply “Agile Project Management Techniques”
• Work with Enaxis consulting to create project management tools for use by 

FIRST teams.
• Spread STEM  awareness through our community  through presentations, 

workshops, and outreach to student and public groups as well as 
engineering professionals.

• Create video tutorials for programming, notebook, CAD, and mechanical.
• Seek new connections with local companies to find new sponsors, mentors, 

and volunteers.
• Mentor the FTC and FLL teams that we have created to help them in their 

seasons.

Sponsored by      

Notable Highlights of ‘17-’18 Season
• Lost 3 team members from 2016-17.  Gained 3 new members for 2017-18.
• Meet #1,  Nov. 17 : alliance high score: 153. Team ranked #1.
• Reinbot Qualifier, Dec 2: alliance high score: 193 . Winning Alliance, Inspire 

Award winner.
• Meet #3, Jan. 6:  alliance high score: 277.  Team ranked #2.
• League Championship, Jan. 20: alliance high score: 297.  Winning Alliance 

Captain.
• Regional Championship, Feb. 17: alliance high score: 360. Winning Alliance 

Captain, Think Award , 2nd Place Inspire Award.
• South Super Regional, March 8; Alliance high score:       Think Award 2nd 

Place



Outreach 
Error 404 places a high priority on outreach to the general public, fellow FIRST 
teams, and engineering professionals in our community.  Below is a bullet list of our 
key activities this season.  More detail can be found in our team notebook.

• April 27, 2017 – Redd School Maker Fair – Promoted FIRST , FTC, and 
STEM .

• April 17, 2017 – Presentation at Jacobs Engineering.
• July 24, 2017 – FTC CAD Workshop to FTC participants.
• July 24-25, 2017 – FTC Programming Workshop for FTC participants.  
• July 25, 2017 – FTC Notebook Workshop for FTC participants.
• May 13, 2017 – MATE Texas Regional ROV Championship – volunteered at an 

underwater robotics competition.
• Summer 2017,  various dates– Demonstrations at the Children’s Museum of 

Houston – spread FIRST information and ran an interactive exhibit.
• August 10, 2017 – UTC Aerospace “Bring Your Child to Work Day” – provided 

a demo for UTC Aerospace employees’ children and provide info on how to get 
involved with FIRST Robotics.

• August 18, 2017–Enaxis Consulting HQ – presented info about FIRST and 
FTC.

• September 9, 2017 – FIRST Relic Recovery Kickoff – Assisted rookie teams.
• August-September, 2017 – Hurricane Harvey Relief Work ;  Spread throughout 

multiple communities to help families with Harvey clean-up.
• October 20-21, 2017 – Gulf Coast Industry Forum – promote FTC and meet 

potential sponsors.
• October 21, 2017 – Houston Maker Fair – Promote FIRST at FTC to the 

general public.
• November 16, 2017 – Rockwell Automation Fair- Presenting FTC to industry 

professionals attending the event.
• November 18, 2017 – FLL Lego Build Day – Assisted with building FLL field 

kits for local competitions.
• November 25, 2017 – FLL Practice Day – hosted a practice tournament for 

local FLL teams.
• Dec. 2017  & Jan. 2018 – FLL Volunteering – volunteered at local FLL events 

as judges and referees.
• Ongoing - Mentoring other FTC and FLL teams throughout our league and 

region.

 Programming
• Documentation
• Instruments used

• Ongoing - Hosting League Meets - 3 league meets and the league 
championship.

• Ongoing - 411 with 404 Tutorial Videos – Began an FTC video tutorial library 
on our team webpage.

• Ongoing – Maintaining relationships with our current sponsors.
• Developing - Seeking Future Relationships – Pursuing a deeper relationship 

with new sponsors such as as SSB Dynamic, Arconic, and Wood.
• Developing - Flower Garden Child Care International; ministry to immigrant 

and refugees



 Robot  Highlights
• Team utilized Agile Project Management principles to design in “sprint” 

cycles.
• Innovativemodular design allows for quick upgrade and repair.
• Mostly custom designed parts .  Whole robot created in Autodesk Fusion 

CAD before building.
• Parts manufactured using mostly 3D printing or cut using a CNC router.

 Robot  Capabilities
• Mecannum drive for optimal maneuverability.  1.6 gear ratio.
• Arm /gripper that can quickly grab/deploy a relic to zone 3 – even if 2-3 

glyphs block access.
• Collector and lifter can quickly collect and deploy two glyphs into the 

cryptobox.  
• Autonomous:  Successfully scores jewel, reads cipher using Vuforia, deploys 

glyph into cryptobox, and parks in Safe Zone.  (85 points)

Jewel Sword
• One of the first modules created.  
• Simple, compact, yet effective.
• Two servos provide 2-axis control.  
• “Sword” is made from lightweight, stiff polycarbonate polywall 

material.
• Combined with autonomous programming, this module gets the 

correct jewel 100% of the time.

Two servos

polywall



 Modular Design
• Agile Project Management is a technique used mostly for software 

development but applicable to any project.  This technique utilizes a series 
of “Sprints” which are short design cycles each producing a functional 
product but with each sprint adding capabilities.

• Each of our “Sprints” produced 1-2 new modules or made significant  
improvements on an existing module. 

• Robot modules consist of the:
• Chassis,
• Gearboxes with mecannum wheels,
• Relic Arm,
• Glyph collector
• Glyph Lifter,
• Electronics Box, and the
• Phone Box.

Electronics Box
• In previous seasons, we 

have struggled with easy 
access to our wiring and 
electronics.  So, this season 
we wanted an easy way  to 
access  our key electronics 
and control system wiring.

• The electronics box is 
custom designed and 3D 
printed from ABS. 

• Holds two Rev Expansion 
Hubs, back-to-back.  The 
access panel slides up and 
out of box.

• Box is held in place on 
chassis with two  clamps 
that allow box to slide 
forward for removal.

Phone Box
• Early in the season, we 

decided to use the Pixy 
Camera  to detect the 
jewels.    To reduce errors 
from the PixyCam reading 
objects outside the field, we 
decided to place the 
PixyCam high looking down 
on the jewels.  Thus we 
needed a tall box.

• We also needed a central 
place to mount the robot 
controller phone. Thus, the 
phone box module was 
created.

• The box is custom designed 
in CAD and 3D printed.

Relic arm

Glyph Lifter

Glyph 
Collector

Phone Box

Jewel Sword
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 Relic Arm
• Early in the season, we decided the relic arm would be our first major sprint.  

We reasoned that most teams would be attempting to score glyphs and 
would ignore the relics.  Because most teams would probably not have 
significant glyph capability early in the season, our relic arm capability would 
give us a strategic scoring advantage.  For most of the season, we focused 
on relic collection and were usually able to score both of our alliance relics 
standing up in the highest point zone.  

• Early design proposals included the popular linear slide design.  However, 
we thought most teams would use this design and we wanted to be creative 
and innovative.  Thus, we decided on the  linkage arm shown below.

Chassis and Gearboxes
• Custom designed and routed from ½” HDPE .  Light weight, yet stiff.  Allows 

for quick integration of attachment modules with minimal change to chassis.
• Custom designed drive modules slide on/off chassis very quickly for repair 

or motor replacement.  4 wheel drive with VEX mecannum wheels.
• At Super Regionals, we were limited by lack of drive speed.  So, we added 

custom designed and 3D printed gearboxes – 1/1.6 gear ratio - to increase 
our drive speed. 

• The arm developed through multiple design cycles.  The first arm was made 
from polywall which was lightweight, but very flexible.  As a result, our 
deployment speed was slower than desired because if the arm or robot 
moved too quickly, the arm swayed dramatically and would sometimes drop 
the relic.

• The second arm design cycle used 3D printed ABS pieces which was still too 
flexible. We then experimented with a composite material -onyx with 
cantinuous fiber inlay.  The first attempt had too little carbon fiber so the arm 
was still rather flexible.  Prior to Super Reginoal, we tried to reprint the arm 
with a higher carbon fiber infill., but were unsuccessful as the printer was out 
of service.

• After Super Regionals, we decided to try something different.  Still looking for 
something lightweight but stiff, we purchased carbon fiber tubes through 
Amazon Prime.  We were pleased with what we saw and decided to switch to 
this material instead of 3D printing the arm.

• The current design mimics those of industry standard scissor lift designs.
• The connector pieces are custom designed , 3D printed from ABS, and glued 

into the carbon fiber tube pieces.

Slides onto 
chassis here

• The gripper has also changed a lot.  The first generation was larger and 
designed to pick up a relic that had fallen to the floor.    Later we realized that 
we probably wouldn’t have time to retrieve a fallen relic, so we decided to 
make the gripper smaller.  The current gripper is less than 1/3 the size of the 
original and holds the relic VERY tightly.

• The arm shoulder is a HiTech high torque servo with a 2:1 gear ratio.  There 
is also a servo at the “elbow” while the “wrist” is free hanging.  A third servo 
closes the gripper to grab the relic.



Glyph Lifter
• Our first design (shown to the right) used 

a conveyor system raised with  a belt 
drive .  Unfortunately, the first design  was 
completed but not perfected in time for 
the Regional Championship.

• So, we decided to complete a 24 hour 
“sprint” to develop a different design 
which is what we use now.

• Current lifter uses a “dump truck” style 
design.    Light but rigid polywall ramp 
receives glyphs from the collector and is 
raised by a high torque 2:1 gear ratio 
servo.

• All the parts are custom designed and 3D 
printed in ABS.

• Baseplate is custom designed and cut on 
a CNC router.

• Ramp includes rollers (not shown in CAD 
below) to reduce friction of sliding glyphs.

Glyph Collector
• First generation of the glyph collector was fixed in width.  Second 

generation has slides that pivot slightly to allow for taking in glyphs that 
might not be perfectly aligned.  Rubber bands (not shown in the CAD 
below) between the two stands pull them back toward the middle again.

• Collector uses two custom designed wheel printed from Ninjaflex filament.
• Module has it’s own baseplate which allows for ease of installation and 

removal for repair.  Custom designed and CNC routed from ¼” HDPE.
• Other parts are all custom designed and 3D printed from ABS.

Stands pivot 
here


