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1 INTRODUCTION

1 Introduction

11 Purpose

This Technical Binder explains the process and choices from our technical subteams that resulted in
FORTE.

1.2 Acknowledgements

This was 2637’s first Technical Binder. We referenced various teams’ technical binders for inspiration.
Thank you especially to teams 254, 2056, and 2910 (listed numerically).

Thank you additionally to teams who publicly their progress - through OpenAlliance or other — this year,
as it helped inform our robot decisions.



2 ENGINEERING PROCESS

2 Engineering Process

Processes result in repeatable consistency and effective improvements each year. Team 2637’s Engi-
neering Process ensures consistent results and improvements each year.

« Organization

f Engineering Project Manager oversees and plans for every Technical Subteam
f Pre-emptive Engineering Schedule is generated in Gantt Format before Kickoff.
f Members are assigned individual tasks via Trello.

f Two robots are built — SN1and SN2 — and each has multiple subsystem versions to generate
continuous improvement and testing.

« Strategy & Systems Design

f Analyze different strategic approaches to the game during kickoff and develop an IAS (Ideal
Alliance Strategy), a strategy we hypothesize to see at the Final matches of the World Cham-
pionship.

f Define our role in the IAS and generate system requirements which support the role

f Develop ConOps (Concept of Operations) for each robot mechanism using system require-
ments

f Develop a playbook which compiles viable strategies for different alliances, updating the
strategies through scouting matches

» Robot Concept Selection

f Teams draft mechanisms and robot concepts based on System Requirements

f Mechanical Design selects promising concepts, then validates geometry via Kinematic Sketches
and Crayola/Cartoon/Krayon CADs

f Technical Leadership agrees on Final Robot Concept
« Prototyping

f Mechanism Concepts are generated by team
f Mechanical Design selects promising concepts

f Mechanical Design determines "magic numbers” — the values that Mechanical Design needs
for CAD and the values that drive the main point of prototyping

f Mechanical Design and Manufacturing develop low-fidelity mechanisms to attain "magic num-
bers”

+ Mechanical Design

[ Master-sketch contains all critical geometry, mitigating later interference/handoff problems
f Assemblies derive master sketch geometry

f Design Reviews provide feedback which is recorded in Version Update Documents
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2 ENGINEERING PROCESS

f Design Communication (BOMs and Cutsheets) are generated to inform Manufacturing

« Manufacturing

f
f

Design Communication (BOMs and Cutsheets) are updated accordingly

ltems are placed into labelled kitboxes to prepare for assembly

« Electronics & Pneumatics

f Wiring diagrams to plan electrical layout and reduce wiring time

« Programming

f

Robot Programming
*x Collaborate with Strategy & Systems Design to tweak ConOps (Concept of Operations)
for each robot mechanism based on programming limits/desires
* Mechanism code split into Github branches
* Code undergoes peer reviews and physical testing
* Stable code is pushed to main GitHub branch for further testing

f WebDev (Scouting App) Programming
*x Work with Strategy & Systems Design to detail necessary changes to Scouting App
+ Testing
f As subsystem version are created, each technical subteam generates feedback

f
f

Mechanical Design and technical subteams work to revise CAD to solve problems

Mechanical Design can discuss with Strategy & Systems Design to re-adjust System Require-
ments

At end of competition and year, team holds Lessons Learned to formally gather feedback in
spreadsheet format



3 STRATEGY & SYSTEMS DESIGN

3 Strategy & Systems Design

31 Game Analysis

Crescendo’s central game objective is to manipulate ring-shaped Notes and to score them onto various
locations of the field, as well as to get Onstage by climbing on the chain.

The highest point value teleop objective is an amplified Speaker Note (heed Amp and Speaker capa-
bilities), and highest point value endgame objective is a Note in Trap (need climb and Trap capabilities).
Meaning, to achieve our season goal of winning a regional, we must accomplish the following:

« Maximize number of notes scored while amplified
- Maximize alliance scoring potential to win matches

« Obtain as many ranking points as possible to rank highly and have freedom in selection to form an
Ideal Alliance

« Minimize external dependencies (thus self-sufficient) in scoring capabilities to ensure ranking point
obtainment in any alliance

Following our goals, we prioritized our ranking points as
« WIN (2): Completing a match with more match points than your opponent
« MELODY (1): At least 18 (15 if Coopertition Bonus) Amp & Speaker Notes
« ENSEMBLE (1): At least 10 Stage points and at least 2 Onstage Robots
« TIE (1): Completing a match with the same number of match points as your opponent

Thus, we formulated our IAS called SHH (speaker-hybrid-hybrid), where one robot solely focuses on the
Speaker and the other two score both Amp and Speaker Notes. Identifying our role on the |A as a hybrid
robot, we decided to pursue the following challenges:

« Scoring Notes into the Speaker
« Scoring Notes into the Amp
« Getting Onstage

« Scoring Notes into the Trap
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3.2 System Requirements

Category ID Requirement
Intake 1 Robot shall be able to intake one unsupported note from the ground (no wall,
truss, etc.)

Note Scorer 2 Robot shall be able to shoot into the speaker from anywhere between the
Subwoofer and the Truss legs

Note scorer 3  Robot shall be able to align to scoring locations horizontally and vertically
without manual input

General
Climb

Robot shall be able to self-align to scoring and source locations
Robot shall be able to hang on chain at any point independently
Note Scorer Robot shall be able to score in trap
Intake Robot shall be able to intake one note from source chute

Note Scorer Robot shall be able to score in the amp

© 00 N o o »

Note Scorer Robot shall be able to shoot from the opposite side of the intake



4 ROBOT CONCEPT SELECTION

4 Robot Concept Selection

Team 2637 explored various robot concepts before finalizing on our Final Robot Concept. Here are some
concepts we explored:

L

Figure 1: Concept A

ﬁ Figure 4: Concept D

Figure 3: Concept C

Figure 2: Concept B

Finally, we settled on our Final Robot Concept: Option D. Our Final Robot Concept was chosen because
it:

« Addresses all of our System Requirements

« Uses mechanisms concepts similar to ones we have used in the past — meaning more confidence
in having them done correctly and on time

« Does not have singular points of failure



5 MECHANICAL DESIGN

5 Mechanical Design

51 Subystem-labelled Robot
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