
1511 BUILD SEASON
Who am I?
• Joined the team in 2012 (fall of 2011)
• Floated around, did some bits of design work, some fabrication and some 

assembly.  
• As I got more familiar with the process, I often made suggestions and tried to 

encourage changes:
• Start of the parts log
• Changes in how we organized CAD files
• Organization ideas for fabrication

• Asked to run robot build in 2014 after lead mechanical mentor left (son 
graduated).

• Attended MIT and Syracuse University for architecture.  
• Worked in Boston, Syracuse and Rochester.  Projects in MA, NH, VT, CT, NJ, 

NY, DC, VA, FL, MN, NE, CA.  
• Own my own firm (Rhen Design) since 2006.
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Who are we?

• Founded in 2005 – 15th anniversary!

• Invited to Champs every year:
• We’ve had a low point - 1 year as “legacy” invite but school 

denied trip

• We‘ve had a high point - 1 year on a triple play: Regional Winner, 
Chairman’s Winner and Engineering Inspiration Winner

• And everything in between:
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• 2018: FLR & Midwest Quarterfinalists

• 2017: FLR Semi-finalists, Midwest Regional Winners, Curie 
Subdivision Winner

• 2016: Greater Toronto Central Regional Finalists, FLR 
Quarter Finalists, Curie Subdivision Winner

• 2013 Boston Regional Winner

• 2005 Greater Toronto Regional Winner, Einstein Rookie of 
the year 

• Regional Chairman’s Award: 2017, 2016, 2015, 2014, 2011, 
2010, 2009, 2007

• Regional Engineering Inspiration Award: 2017, 2014, 2012, 
2010, 2008, 2006
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The Starting Point:  GOALS!
● EINSTEIN – Our robot design group puts this 

on the board the first day of Build Season.  
This is our goal.  

● We are willing to accept failure.
● Fail Early and Fail Often  

● If you never try you will never succeed.
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SCHEDULES:

There are multiple overlapping schedules 
that represent all the parallel processes 
that are happening during a Build Season
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Kick-off has it’s own detailed schedule that brings 
the team together at times, and separates into 
groups (Strategy and Robot).
• Strategy focuses on Game play, game rules 

and maximizing point potential to arrive at a 
list of robot functionality priorities.

• Robot focuses on the gathering Information 
phase of design – which we’ll get into more 
later.

• We come together at certain points to share 
information, keep the entire team engaged in 
the process and start building consensus.
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Beyond kick-off, the Robot Leads will should also 
produce task lists for each session with targets for 
subteams.  Their role is to help subteams focus on 
design to the greatest extent possible.
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Finally, the last 10 days or so of Build Season may also need a 
detailed schedule:
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Now let’s talk about RESOURCES:
Money:  Know your budget and track your 
budget.  You will need to make key decisions 
about the robot design related to cost:

• $ for raw materials? Inventory what you have.

• $ for COTS?  Can you take COTS from previous 
robots?  Can you afford new?

• $ for prototyping?

• $ for second robot?

• Control shipping costs
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1511 maintains a cost conscious approach in order to show our 
sponsors that we are not wasting funds:

• We salvage materials and COTS from all of our second robots.
• We use new motors on our competition robot.  We buy 

replacement gears to rebuild transmissions.  We use old motors for 
prototyping and spares during competition.

• We salvage all of our unused aluminum.  We reuse old parts for 
stock and for robot 2.

• We salvage all COTS.
• We use salvaged materials, including saved drive bases for 

prototyping.
• Our purchases are tracked and part of our aggressive schedule is an 

attempt to get long lead items quickly and limit shipping costs.
• We choose suppliers that have reasonable shipping policies 

whenever possible.
• We recycle anything we no longer have a use for, including wiring.
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Equipment and Space:
What are my available work areas and what 
equipment do we have access to.  These are critical 
questions for both schedule and robot design:
• CAD?  How many stations?  This will impact the 

number of subteams you can have, or if no CAD, 
the schedule may shift to provide longer 
prototyping and documentation by sketch, photo, 
etc.

• Shop?  What equipment do I have?  CNC? Break? 
Drill Press? Lathe? Mill?  This will determine the 
basic approach to design.

• Outsourcing:  Do I have any mentor shops 
available to use?
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1511 Equipment and Space:

• We use two high school tech classrooms with over 15 CAD 
stations each.

• We use Inventor because that is what the tech classes use.
• We use the high school metal shop that contains high school 

equipment as well as equipment the team obtained.  We 
have a lathe, a mill, a break, drill presses, a band saw, a 
horizontal band saw, a sander, and many hand tools.

• We have access to the high school wood shop if needed.
• We have storage space to keep some completed robots for 

examples and for use in driver training and practice.
• We have storage space for all of our COTS supplies, raw 

materials, batteries, and toolboxes.
• We have access to mentor shops, our primary one being 

Harris where we can have sheet metal parts made.
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People:  You need to determine who on the team is doing 
what during build season.  I am going to focus on the robot 
build.  However there are other things needing attention:

• Our organized parents handle meals during build 
season 

• Our parents, teachers and Leadership handle all 
aspects of travel.

• We have mentors and students dedicated to 
Chairman’s and other awards.

• We have mentors and students dedicated to marketing 
throughout Build Season.

• We all work hard to honor and respect these 
contributions and acknowledge that they allow the rest 
of us to focus on the robot build.
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LET’S GET ORGANIZED

Everything starts with 
an org chart!
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• Robot Project Leads (Robot Build Leads):
• Keep track of all parallel and overlapping processes from start of robot to 

finish (Einstein).
• Subteam progress
• Daily and weekly targets
• To do lists for subteams
• Documentation and tracking (robot weight, parts, assemblies, purchases, 

outsourced parts, etc.)
• Student Robot build Lead conducts integration meetings.

• Facilitate subteam coordination and integration.
• Shift resources around when needed.
• Maintain the schedule.
• Report to the Team Lead and Student Leadership.
• Coordinate with outside resources.

Must be willing to get yelled at and have a lot of “discussions” – must be able to stay 
COOL and EFFECTIVE in the face of team members who are concerned, upset, 
disappointed, frustrated, irate, and/or in full on panic!



1511 BUILD SEASON
• Component Leads:

• A solid mentor and a solid student lead for a 
component subteam will get you 80% there.

• Look for the following traits:
• Ability of the mentor to let the student come up with the design 

ideas and guide them – not tell them what to do.
• Ability of the mentor and student to think specifically and globally 

simultaneously.
• These leads will have to follow the schedule, provide direction for their 

component group, provide feedback to the Project Leads, coordinate with other 
subteams, and represent their subteam during Integration Meetings.

• Ability of the lead student and lead mentor to 
break it down into parts and delegate.

• COMMUNICATION SKILLS and CONFIDENCE:  They 
need to do all of the above while doing their best 
to inspire their group.
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Only have as many subteams as you have strong willing students to lead and 
mentors to pair them with.  This will limit what you do, but it will also ensure what 
you do is completed.

Do not base student leads on grade level or seniority.  Choose based on design and 
communication skill.  If you have an overabundance of qualified candidates, then 
grade level or seniority could be one factor in the decision. 

Long term, student lead for robot component design should be a desired position.  
If it is not, try to find out why students don’t want to take on the challenge.

Do not discount alumni.  While I would not advise giving alumni official positions 
when they are that transition period of not being full mentors due to age, they can 
still be added to subteams for support (even if it’s only for the first week while they 
are on break).

Student lead is a voluntary position – it should not be assigned. 
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• What do I mean by that?
• Look at what your resources are – not every team gets to have 

engineers on them:
• Teachers
• Architects & Contractors
• Garage “mechanics”, “inventors”, “builders”
• FIRST alumni
• Professors

There are tremendous design resources available through the FIRST community to 
allow for thinking outside the box when it comes to robot design mentors.  Basic 
mechanical knowledge may be available through any of the above (and many 
more).  Keep an open mind.

Notice I said nothing about engineering experience yet!  
Knowledge of mechanical design is needed.  But the level of 
knowledge needed is flexible.  
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Now let’s talk about design.
Phases:

1. Gathering information (Saturday kick-off)
2. Ideas
3. Component Evaluation
4. Prototype, CAD, Calculate
5. Component Review
6. Whole Robot Review
7. Decision Time



1511 BUILD SEASON

YOU MUST MAKE THE 
BEST DECISION YOU 
CAN WITH THE 
INFORMATION YOU 
HAVE AT THE TIME 
YOU NEED TO MAKE 
IT!!!!!!!!

Robot 
Design
Mantras



The Starting Point:  GOALS!
• Strategy sets robot function 

priorities
• As much useful detail as possible

• Speed goals
• Timing goals
• Acceleration goals

• Discussed in an afternoon panel by 
students
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Match Timing Analysis
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Gathering Information:
• Robot Rules

• Physical limitations:
• Size or volume(s) of robot or drive base
• Starting configurations
• Travel configurations
• Crate configurations
• Extension planes
• Bumper rules/constraints

• Additional Dimensional constraints
• Field: terrain
• Game pieces
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YOU MUST LOOK AT EVERY INTERACTION 
BETWEEN THE FIELD AND THE ROBOT!
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Ideas:
• Quick sketches to convey ideas

• Hand drawn
• Legacy research
• “Origami”
• 2D CAD

• Component Evaluation
• Review all ideas
• Narrow down to the number you can 

effectively prototype/develop in time frame
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Prototype:

• Limited time
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CAD & Calculate:

• As much preliminary information as the 
subteams can put together in the time 
frame:
• Strategy goals

• Field interactions

• Game piece movement

• Motor calculations

• Weight budget
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Final component evaluation:
• Present any information you have for 

each idea selected for further study.

• Narrow down to proven viable ideas – 
no more hand waving, no more “I just 
need a little time”!

• Use weighted analysis if too difficult.
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Alternate weighted analysis:
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Robot Build should pause at the end of this and 
determine whole robot configurations to 
evaluate:
• Ability of components to share real estate:

• And is the result a balanced robot with low CG?

• Negative interactions or cross purposes.
• Opportunities for shared weight:

• Pneumatics?
• Infrastructure?

• Overall use of motors and breakers.
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The final decision on robot design should be based on a 
“whole robot” review.
Once this decision is made it should not be changed for any 
reason – and I really mean that.  This is the hardest part, but 
subteams should leave this session with clear direction on 
what they are doing and what their allocated area, motors, 
etc. are.

This is also the most difficult thing to do – 1511 has never 
been completely successful at following this rule and it has 
NEVER benefitted us when we broke it.

You are only at day 6-8!!! 
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Detailed design by subteam should commence 
after the whole robot decision is made:

• Detailed calculations – “Calculate don’t 
speculate”
• Use available calculators when possible.

• Employ protocols, protocols, protocols

• Begin Integration
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• Detailed calculations – “Calculate don’t speculate”

• Use available calculators when possible.
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Detailed design
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Integration: Integration meetings occur 2-3 times 
per week.  They are an opportunity for ALL 
subteam leads (that includes electrical, 
programming, controls, strategy) to get together 
and address issues related to the integration of 
the entire robot.  
• It is not a design session – and should not devolve into one.
• It is intended to bring up issues needing resolution or answers and to delegate 

responsibility and set target dates for completing the task.
• It is also an opportunity to review weight as the robot progresses.
• It is a way to keep everyone informed and accountable.
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Communication:
• Discussion:  Slack “Robot Design” Channel
• Documentation:

• School Drive:  All CAD files, shop drawings and basic robot build work 
product.

• Google Drive:  Files that need to allow simultaneous editing:
• Shopping List
• Parts & Assembly Log
• Integration spreadsheet
• Detailed Schedules

• Documentation of decisions and critical robot design elements:
• WIKI
• Robot Design Binder

• Documentation of parts for fabrication:
• Shop Binder

• Documentation of Assemblies:
• Shop Binder

Protocols:  For a consistent Robot Build you should have protocols for 
communication, design, manufacture, assembly, just about everything!
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File Management on school drive : Organized based on subteam
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Google Drive:
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Parts & Assembly Logs:  Track each manufactured piece in the 
robot from design to assembly by assigning a part number and 
tracking progress on the log.

In addition, part tracking numbers are used by Robot Leads to:
• Create priority lists for fabrication in the shop.
• Coordinate and track parts made by Harris and other mentor 

shops.
• Store parts on designated shelves so parts can easily be 

found during assembly.
• Check that all parts are in the BOM.
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Shopping List:



1511 BUILD SEASON
CAD Protocols:



1511 BUILD SEASON



1511 BUILD SEASON
WIKI:
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To Wrap Up:
• Stay organized.
• Stay on schedule.
• Stay firm in your decisions – no matter how much extra time you take to 

make the design perfect, it WILL NOT work as intended the first time out.  
And you will have lost coding time (they can’t test their code until they 
have a robot)  and driver practice time!!!!

• Stay flexible – be willing to shift people resources around when needed 
or modify the schedule – because STUFF HAPPENS!

• Focus on the positive – don’t focus on what was not done right, focus on 
moving forward and appreciating what has been achieved.

• Remember, although we are structuring this like an actual company 
project build, there is one really big difference:  Everyone is a volunteer.  
If you cannot get buy-in to the process they will just ignore it or not show 
up.  Always be building consensus!

THANK YOU


