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I Introduetion

1.1 About FIRST®

FIRST® (For Inspiration and Recognition of Science and Technology) was founded by inventor Dean
Kamen to inspire young people’s interest in science and technology. Based in Manchester, New
Hampshire, FIRST is a 501(c)(3) not-for-profit public charity.

FIRST provides four programs:

e FIRST®Robotics Competition for grades 9-12, ages 14-18

e FIRST® Tech Challenge for grades 7-12, ages 12-18

e FIRST® LEGO® League for grades 4-8, ages 9-14 (ages 9-16 outside of North America)
e FIRST® LEGO® League Jr. for grades K-4, ages 6-10

Please visit our website: www.firstinspires.org for more information about FIRST programs.

1.2 FIRST® Robotics Competition

FIRST Robotics Competition pairs high school students with adult mentors (primarily engineers and
teachers) to design and build ROBOTS that compete against one another in a high energy environment.

This varsity Sport for the Mind™ combines the excitement of sport with the rigors of science and
technology. Under strict rules, limited resources and time limits, teams of students are challenged to raise
funds, design a team “brand”, hone teamwork skills, and build and program ROBOTS to perform
prescribed tasks against a field of competitors. It's as close to “real-world” engineering as a student can
get.

Each January at the Kickoff, a new, challenging game is introduced. These exciting competitions combine
the practical application of science and technology with the fun, intense energy and excitement of a
championship-style sporting event. Teams are encouraged to display Gracious Professionalism® and to
help other teams and cooperate while competing. This is known as Coopertition®.

In 2017, FIRST Robotics Competition will reach 85,000 high-school students representing approximately
3,400 teams. Teams come from nearly every state in the United States, as well as many other countries.

FIRST Robotics Competition teams will participate in 55 Regional Competitions, 80 District Competitions,
and 10 District Championships. In addition, approximately 800 teams will qualify to go to one of the two
FIRST Championships at the end of April, 2017.

This year’'s game was presented at the 2017 FIRST Robotics Competition Kickoff on Saturday, January
7,2017.

At the Kickoff, all teams:

e saw the 2017 game, FIRST® STEAMWORKSSM, for the first time
e learned about the 2017 game rules and regulations
e received a Kickoff Kit that provides a starting point for robot build

1.3 Gracious Professionalism®, a FIRST® Credo

Gracious Professionalism® is part of the ethos of FIRST. It's a way of doing things that encourages high
quality work, emphasizes the value of others, and respects individuals and the community.

Section 1 Introduction
PSOFIRST it
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Gracious Professionalism is not clearly defined for a reason. It can and should mean different things to
everyone.

Some possible meanings of Gracious Professionalism include:

e Gracious attitudes and behaviors are win-win

e Gracious folks respect others and let that respect show in their actions

e Professionals possess special knowledge and are trusted by society to use that knowledge
responsibly

e Gracious Professionals make a valued contribution in a manner pleasing to others and to
themselves

In the context of FIRST, this means that all teams and participants should:

e Learn to be strong competitors, but also treat one another with respect and kindness in the
process
e Avoid leaving anyone feeling as if they are excluded or unappreciated

Knowledge, pride and empathy should be comfortably and genuinely blended.

In the end, Gracious Professionalism is part of pursuing a meaningful life. When professionals use
knowledge in a gracious manner and individuals act with integrity and sensitivity, everyone wins and
society benefits.

“The FIRST spirit encourages doing high-quality, well-
informed work in a manner that leaves everyone feeling
valued. Gracious Professionalism seems to be a good
descriptor for part of the ethos of FIRST. It is part of what
makes FIRST different and wonderful.”

RS Lyl e, \..

It is a good idea to spend time going over this concept with your team and reinforcing it regularly. We
recommend providing your team with real-life examples of Gracious Professionalism in practice, such as
when a team loans valuable materials or expertise to another team that they will later face as an
opponent in competition. Routinely highlight opportunities to display Gracious Professionalism at events,
and encourage team members to suggest ways in which they can demonstrate this quality themselves
and through outreach activities.

1.4 Coopertition®

At FIRST, Coopertition® is displaying unqualified kindness and respect in the face of fierce competition.
Coopertition is founded on the concept and philosophy that teams can and should help and cooperate
with one another even as they compete. Coopertition involves learning from teammates and mentors.
Coopertition means competing always, but assisting and enabling others when you can.

A Message from Woodie Flowers Award Recipients

The Woodie Flowers Award is the most prestigious mentoring award in FIRST. The award recipients as of
the 2015 FIRST Championship created an important message for all FIRST Robotics Competition teams
to consider as we tackle each season.

“Performing at your best is important. Winning is important. This is a competition.

However, winning the right way and being proud of what you have accomplished and how you have
accomplished it is more important. FIRST could create rules and penalties to cover almost any scenario

Section 1 Introduction
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or situation, but we prefer an understandable game with simpler rules that allow us to think and be
creative in our designs.

We want to know that our partners and opponents are playing at their best in every match. We want to
know they are playing with integrity and not using strategies based on questionable behaviors.

As you create your robots and award presentations, prepare for competition and match play, create and

implement game strategies, and live your daily lives, remember what Woodie has said time and time
again, and let’s ‘Make your Grandmother proud.”

1.5 This Document and its Conventions

The 2017 Game and Season Manual is a resource for all FIRST Robotics Competition teams for
information specific to the 2017 season and the FIRST® STEAMWORKSSM game. Its audience will find
the following detail:

e A general overview of the FIRST STEAMWORKS game

e Detail about the FIRST STEAMWORKS playing field

e Description of how to play the FIRST STEAMWORKS game

o All season rules (e.g. safety, conduct, game play, inspection, etc.)

e Description of how teams advance at 2017 tournaments and throughout the season

The intent of this manual is that the text means exactly, and only, what it says. Please avoid interpreting
the text based on assumptions about intent, implementation of past rules, or how a situation might be in
“real life.” There are no hidden requirements or restrictions. If you’ve read everything, you know
everything.

Specific methods are used throughout this section to highlight warnings, cautions, key words and
phrases. These conventions are used to alert the reader to important information and are intended help
teams in constructing a ROBOT that complies with the rules in a safe manner.

Links to other section headings in this manual and external articles appear in green underlined text.

Key words that have a particular meaning within the context of the FIRST Robotics Competition and
FIRST STEAMWORKS are defined in Section 11 Glossary, and indicated in ALL CAPS throughout this
document.

The rule numbering scheme uses an indication of the section in which the rule is stated plus a serial
numbering system (e.g. safety rules begin with “S,” game rules begin with “G,” etc.). References to
specific rules use this scheme (e.g. “S01” is the first rule in Section 5 Safety Rules).

Section 1 Introduction
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Warnings, cautions and notes appear in blue boxes. Pay close attention
to their contents as they’re intended to provide insight into the reasoning
behind a rule, helpful information on understanding or interpreting a rule,
and/or possible “best practices” for use when implementing systems
affected by a rule.

While blue boxes are part of the manual, they do not carry the weight of
the actual rule (if there is an inadvertent conflict between a rule and its
blue box, the rule supersedes the language in the blue box).

With the exception of nominal dimensions, imperial dimensions are followed by comparable metric
dimensions in parentheses to provide metric users with the approximate size, weight, etc. Metric
conversions for non-rules (e.g. FIELD dimensions) round to the nearest whole unit e.g. "17 in. (~43 cm)”
and “6 ft. 4 in. (~193 cm).” Metric conversions in rules round such that the metric dimension is compliant
with the rule (i.e. maximums round down, minimums round up). The metric conversions are offered for
convenient reference only and do not overrule or take the place of the imperial dimensions presented in
this manual and the field drawings (i.e. FIELD dimensions and rules will always defer to measurements
using imperial units).

Some sections and rules include colloquial language, also called headlines, in an effort to convey the
intent of the rule or rule set. This language is differentiated using bold brown text. Any disagreement
between the specific language used in the rules and the colloquial language is an error, and the specific
rule language is the ultimate authority. If you discover a disparity, please let us know and we will correct
it.

Team resources that aren’t generally season specific (e.g. what to expect at an event, communication
resources, team organization recommendations, ROBOT transportation procedures, and award
descriptions) can be found on the FIRST Robotics Competition website.

1.6 Translations & Other Versions

The FIRST® STEAMWORKSSM manual is originally and officially written in English, but is occasionally
translated into other languages for the benefit of FIRST Robotics Competition Teams whose native
language may not be English.

A text-based version can be provided only for use with assistive devices for visually and hearing impaired
persons, and not for redistribution. For more information, please contact
frcteamadvocate @firstinspires.org.

In the event that a rule or description is a modified in an alternate version of this manual, the English pdf
version as published on the FIRST website is the commanding version.

1.7 Team Updates

Team updates are used to notify the FIRST Robotics Competition community of revisions to the official
season documentation (e.g. the manual, drawings, etc.) or important season news. Between Kickoff and
Stop Build Day, Team Updates are posted each Tuesday and Friday. Between Stop Build Day and the
week before FIRST Championship Houston, Team Updates are posted each Tuesday. Team updates are
posted on the FIRST STEAMWORKS Game and Season Materials website and generally posted before
5 pm, Eastern Time.

Generally, Team Updates follow the following convention:

e Additions are highlighted in yellow. This is an example.

Section 1 Introduction
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e Deletions are indicated with a stnkethrough This-is-an-example:
e Notes that are added for clarity or explanation for the change but are not retained as part of
the manual appear in bold. This is an example.

1.8 Question and Answer System

Questions about any 2017 Game and Season Manual content may be asked to FIRST using the
official Question and Answer System (i.e. “the Q&A”), which opens on January 11, 2017, noon Eastern.
Details on the Q&A can be found on the FIRST STEAMWORKS Game and Season Materials website.
The Q&A is intended to help clarify rules, and sometimes the responses result in revisions to the text in
the official document (which is communicated using Team Updates).

The Q&A is not a resource for rulings on hypothetical strategies or situations or a design review of a
ROBOT system for legality. The responses in the Q&A do not supersede the text in the manual, although
every effort will be made to eliminate inconsistencies between the two. While responses provided in the
Q&A may be used to aid discussion at each event, per Section 10.6 REFEREE Interaction and Section 9
Inspection & Eligibility Rules, REFEREES and Inspectors are the ultimate authority on rules. If you have
concerns about enforcement trends by volunteer authorities, please notify FIRST at
firstroboticscompetition @firstinspires.org.

Technical questions, e.g. an inquiry about how to check the image version on the roboRIO should be
posted to the FIRST Robotics Competition section of the FIRST Forums (any technical questions
submitted to the Q&A will be redirected there).

Section 1 Introduction
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2 FIRST® STEAMWORKS® 8verview

FIRST® STEAMWORKSSM, the 2017 FIRST® Robotics Competition game, invites two adventurers’ clubs,
in an era where steam power reigns, to prepare their airships for a long distance race.

Each three-team alliance prepares in three ways:

1. Build steam pressure. Robots collect fuel (balls) and score it in their boiler via high and
low efficiency goals. Boilers turn fuel into steam pressure which is stored in the steam tank
on their airship — but it takes more fuel in the low efficiency goal to build steam than the
high efficiency goal.

2. Start rotors. Robots deliver gears to pilots on their airship for installation. Once the gear
train is complete, they turn the crank to start the rotor.

3. Prepare for flight. Robots must latch on to their airship before launch (the end of the
match) by ascending their ropes to signal that they’re ready for takeoff.

Figure 2-1: FIRST STEAMWORKS playing area

Each match begins with a 15-second autonomous period in which robots operate only on pre-
programmed instructions. During this period, robots work to support the three efforts listed above and
also get points for crossing their baseline.

Table 2-1: Auto Point Values

Cross the baseline 5 match points
1 fuel in high efficiency goal 1 match point, 1 kPa
3 fuel in low efficiency goal 1 match point, 1 kPa
Rotor turning 60 match points

During the remaining 2 minutes and 15 seconds of the match, the teleoperated period, student drivers
control robots. Teams on an alliance work together to build as much pressure and start as many rotors as
possible — but they have to be sure they leave enough time to latch on to their airship before the end of
the match. Points for these efforts are awarded as shown in Table 2-2.

Section 2 Overview
PSOFIRST 2
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Table 2-2: Teleop Point Values

Action Value

3 fuel in high efficiency goal 1 match point, 1 kPa
9 fuel in low efficiency goal 1 match point, 1 kPa
Rotor turning 40 match points
Ready for takeoff 50 match points

Alliances are seeded in the Qualification tournament using ranking points which are awarded based on a
combination of their Win-Loss-Tie record (2 points for a win, 1 point for a tie), the number of times they

reach a 40 kiloPascal (kPa) pressure threshold (1 point), and the number of times they start all rotors (1
point).

For full details, read on!

Section 2 Overview
PSOFIRST #
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3 ARENA

The ARENA includes all elements and areas of the game infrastructure that are required to play FIRST
STEAMWORKSSM: the FIELD, AIRSHIPS, carpet, scoring elements, and all equipment and areas needed
for FIELD control, ROBOT control, and scorekeeping.

Figure 3-1: FIRST STEAMWORKS playing area

The competition ARENA is modular and assembled, used, disassembled, and shipped many times during
the competition season. It will undergo wear and tear. The ARENA is designed to withstand rigorous play
and frequent shipping. Every effort is made to ensure that ARENAS are consistent from event to event.
However, ARENAS are assembled in different venues by different event staff and some small variations
occur. For details regarding assembly tolerances, please refer to the 2017 FRC Field Assembly Drawing.
Successful Teams will design ROBOTS that are insensitive to these variations.

lllustrations included in this section are for a general visual understanding of the FIRST STEAMWORKS
ARENA, and dimensions included in the manual are nominal. Please refer to the official drawings for
exact dimensions, tolerances, and construction details. The official drawings, CAD models, and drawings
for low-cost versions of important elements of the FIRST STEAMWORKS FIELD are posted in the
“Playing Field Details” section of the FIRST STEAMWORKS Game & Season Materials web page.

MF’RST Section \/34ARENA
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3.1 Zones and Markings

There are several areas on the FIELD relevant to game play and rules. Such spaces are described
below. All lines are marked using 2-in. (nominal) gaffers tape.

Figure 3-2: Zones and Markings

Scoring Table

LOADING LANE
ALLIANCE STATION

BASE LINE
STARTING LINE

e ALLIANCE STATION: an 8 ft. 9% in. (~269 cm) by 23 ft. 1% in. (~705 cm) infinitely tall
volume bounded by the ALLIANCE WALL and ALLIANCE colored tape. The volume above
the tape is part of the ALLIANCE STATION.

e BASE LINE: a green line that spans the width of the FIELD and is 7 ft. 9% in. (~237 cm) from
the ALLIANCE WALL diamond plate.

e KEY: an infinitely tall volume in the ALLIANCE’S LAUNCHPAD bounded by the ALLIANCE
WALL, GUARDRAIL, and ALLIANCE colored tape. The KEY includes the volume above the
tape. The far edge of the tape is parallel to and 4 ft. 4 in. (~132 cm) from the front face of the
BOILER.

Figure 3-3: KEY

4ft.4in.

MF’RST Section V34ARENA
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e LAUNCHPAD: an infinitely tall volume in the FIELD bounded by the GUARDRAILS, the
ALLIANCE WALL, and the LAUNCHPAD LINE. The volume above the LAUNCHPAD LINE is
part of the LAUNCHPAD.

e LAUNCHPAD LINE: a tape line that is the width of the FIELD and collinear with the edge of
the AIRSHIP deck that is closest to the center of the FIELD.

e LOADING LANE: an area bounded by and including ALLIANCE colored tape, edge of the
carpet, the RETURN BIN Table, and the opponent’'s ALLIANCE WALL.

e NEUTRAL ZONE: an infinitely tall volume on the FIELD bounded by the GUARDRAILS and
the LAUNCHPAD LINES. The volume above the LAUNCHPAD LINES is not part of the
NEUTRAL ZONE.

e RETRIEVAL ZONE: an infinitely tall volume inside the FIELD bounded by the ALLIANCE
WALL, GUARDRAIL and ALLIANCE colored tape. The RETRIEVAL ZONE includes the
volume above the tape. The far edge of the tape is parallel to and 3 ft. 6 in. (~107 cm) from
the front face of the LOADING STATION.

Figure 3-4: RETRIEVAL ZONE

3ft.6in

e STARTING LINE: a white tape line that runs the width of the carpet and is 2 ft. 6 in. (~76 cm)
behind the ALLIANCE WALL diamond plate.

MF’RST Section \/34ARENA
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3.2 FIELD

The FIELD for FIRST STEAMWORKS is a 27 ft. by 54 ft. 4 in. (~823 cm by ~1656 cm) area, bounded by
and including the upward- and inward-facing surfaces of the GUARDRAILS and ALLIANCE WALLS. The
carpet used for the FIELD is green (Shaw Floors, Philadelphia Commercial, Neyland Il 20, 30352,
“Scotch Pine”).

Figure 3-5: FIRST STEAMWORKS playing area

There are two versions of GUARDRAILS and PLAYER STATIONS (i.e. the FIELD perimeter) used for
competitions. One design has been used at FIRST Robotics Competition events for several years and is
depicted in the 2017 Basic Field Drawings and FIRST provided CAD models. The other is designed and
sold by AndyMark. While the designs are slightly different, the critical dimensions, performance, and
expected user experience between the two is the same. All Regional and Championship assemblies will
use the traditional FIRST design (except for Shenzhen Regional and all FIRST Championship practice
fields). Teams may contact their local District leadership for details on which assembly is used by their
District. Detailed drawings for the AndyMark design are posted on the AndyMark website. All illustrations
in this document depict the traditional FIELD design.

3.3 GUARDRAIL

The GUARDRAIL is a system that consists of transparent polycarbonate supported on the top and bottom
by aluminum extrusion. The GUARDRAIL prevents ROBOTS from inadvertently exiting the FIELD during
a MATCH.

There are four (4) gates in the GUARDRAIL that allow access to the FIELD for placement and removal of
ROBOTS. The gates are 3 ft. 2 in. (~97 cm) wide and closed and shielded during the MATCH.

MF’RST Section \/34ARENA

FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY 18 of 130

¥


https://firstfrc.blob.core.windows.net/frc2017/Drawings/2017BasicFieldDrawings.pdf
http://files.andymark.com/FRC%20Field%20Perimeter%20Rev%2011-18-14-%20Detail%20Prints.pdf

Figure 3-6: Gate locations

Scoring Table

3.4 AIRSHIP

The AIRSHIP is a structure that features an elevated hexagonal deck, slanted walls, rails with AXLES to
mount GEARS, four (4) ROTORS, three (3) LIFTS, a STEAM TANK, and three (3) ROPES attached to
DAVITS. There is one AIRSHIP at the edge of each LAUNCHPAD. The AIRSHIP is positioned such that
the three (3) LIFTS face the ALLIANCE wall. The maximum capacity of the AIRSHIP is two (2) people.

Figure 3-7: AIRSHIP elements

STEAM TANK

DAVIT

TOUCHPAD

ROPE

Barrier

MF’RST Section \/34ARENA
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The hexagonal deck is 5 ft. 10% in. (~179 cm) wide and 3 ft. %2 in. (~93 cm) above the FIELD carpet. The
rail forms an 8 ft. 5 in. (~257 cm) wide hexagon that is 3 ft. 62 in. (~108 cm) above the deck.
Polycarbonate walls connect the deck and rail and angle out from the deck at a 75 deg. angle. PORTS,

13 in. (~33 cm) wide by 19% in. (~50 cm) holes next to each LIFT, are cut in the three walls facing the
ALLIANCE WALL.

Figure 3-8: PORT

Figure 3-9: AIRSHIP geometry

5 ft. 10-1/2 in. 8 ft.5in.

The deck is accessed by a step ladder. The step ladder is 1 ft. 10 in. (~56 cm) wide. Before MATCH play,
it is rotated upward and latched to the rail.

3.4.1 ROTORS

A ROTOR is one of four (4) rotating airfoils mounted to each AIRSHIP. There is one (1) central ROTOR
(modeled after the Da Vinci Aerial Screw) that protrudes from the center of the STEAM TANK. It starts 8
ft. 5in. (~257 cm) above the deck. Three (3) smaller ROTORS are mounted to the rail, 8 ft. % in. (~246

cm) above the deck, and evenly spaced around the rail.

S



Figure 3-10: ROTOR heights
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3.4.2 GEAR Sets

ROTOR 1
(GEAR not shown)

=N y

A GEAR set is a series of meshed GEARS that correspond to a specific ROTOR. GEAR sets are installed
on AXLES mounted to the rail. An AXLE is a 7-in. diameter (~2 cm), 2-in. (~5 cm) long shaft which fits
the central hub of a GEAR. The number of AXLES for each GEAR set depends on the ROTOR. Some
AXLES are prepopulated with GEARS and indicated in Table 3-1. The number of pre-populated GEARS
may change for District Championships or the FIRST Championship.

Table 3-1: GEAR set population.

ROTOR1 ROTOR2 ROTOR3 ROTOR4
Pre-populated GEARS 0 0 1 2

PILOT placed GEARS 1 2 4 6

One GEAR, the Reserve GEAR, is staged on the AIRSHIP at the start of the MATCH at the base of the
STEAM TANK, as shown in Figure 3-12.
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Figure 3-12: Reserve GEAR location

Reserve GEAR

Once a ROTOR is started, it remains turning for the duration of the MATCH. ROTORS only start in order:
1, 2, 3, and then 4. The order of GEAR placement within a GEAR set is not important. To start ROTOR 1,

the PILOT places the GEAR in the GEAR slot at the top of the STEAM TANK, opposite the stack light for
ROTOR 1.

Figure 3-13: GEAR placement to start ROTOR 1

ROTOR 1 GEAR

When a GEAR set for ROTORS 2, 3, or 4 is complete, a CRANK, a handle located with the first GEAR in
the set, can be turned which engages the corresponding ROTOR. It takes three (3) full rotations to
engage the ROTOR. If a GEAR set corresponding to the next sequential unengaged ROTOR remains idle
for more than ten (10) seconds, the rotation count resets to zero (0).

A yellow stack light is installed next to ROTORS 1 and 2 and illuminates if its corresponding ROTOR is
engaged during AUTO.
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Figure 3-14: AUTO stack light indicators

Stack Lights

3.5 LIFTS

LIFTS are used to transfer GEARS from the ROBOTS to the PILOTS. One (1) LIFT is mounted to each of
the three (3) sides of the deck that face the PLAYER STATIONS. Each LIFT consists of a peg, steel
guide frame, carriage assembly, and cable. The cable is pulled by the PILOT to raise the carriage to a
PORT where the GEAR can be safely accessed. Each carriage has a peg designed to hold the GEAR
during the transition. The pegis 1 ft. 1in. (~33 cm) from the FIELD carpet when the carriage is all the
way down, protrudes 10% in. (~27 cm) from the carriage and is 13 in. (~3 cm) wide. It is constructed from
“-in. (nominal) diameter extension spring (McMaster P/N: 9664K68).
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Figure 3-15: LIFT geometry

10-1/2 i

1-3/8in. !

1ft.1in.

The center LIFT is flanked by two %-in. (hominal) thick HDPE barriers that radiate out from the adjacent
AIRSHIP corners. Barriers are 6% in. (~16 cm) tall and extend 2 ft. % in. (~63 cm) out from the leg of the
AIRSHIP.

Figure 3-16: Barrier geometry

4-3/4in.

6-1/4in. 1

2 ft. 3/4in.

3.6 STEAM TANK

The STEAM TANK is a 6-ft. (~183 cm) tall hexagonal container with a diagonal dimension of 2 ft. (~61
cm) centrally mounted on the deck. It is “filled” via a STEAM PIPE that originates at the BOILERS. Lights
indicate the pressure, in kiloPascals (kPa), that's been generated by the ALLIANCE and stored in the
STEAM TANK.

Three windows in the STEAM TANK contain Philips Color Kinetics LED Light Strips used to indicate the
amount of steam pressure generated by the BOILER and transmitted to the AIRSHIP. Each window
displays the same information. Each row of two (2) LEDs changes, from off to on in white, then from on in
white to on in the ALLIANCE color, for each ten (10) kPa of pressure generated. For example, if an
ALLIANCE generates ten (10) kPa of pressure, the bottom row is white. If the Red ALLIANCE has
generated 20 (twenty) kPa, the bottom LEDs are Red. If the Blue ALLIANCE generates thirty (30) kPa,
the bottom row is blue and the second row is white.
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Figure 3-17: STEAM TANK geometry

6 ft.

3.7 DAVIT

A DAVIT is one of three steel frames that attaches a ROPE to the AIRSHIP. Each DAVIT extends 11 in.
(~28 cm) from the railing of the AIRSHIP. Each DAVIT has a 2-in. (~5 cm) wide by 2-in. (~5 cm) deep
vertical steel channel used to cradle the ROPE and to mount the TOUCHPAD. There are two (2) steel
fingers at the top of each DAVIT used to secure the ROPE. These fingers are 1% in. (~3 cm) apart and
have a hole for a locking pin. The ROPE passes through the fingers with the top knot on the AIRSHIP
side of the fingers.

Figure 3-18: DAVIT location and geometry

11in.

Fingers

Poorly Modeled Knot

Note: TOUCHPAD hidden for clarity

MF’RST Section V34ARENA

FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY

S

26 of 130



3.8 ROPE

A ROPE is a strong, thick string composed of twisted or braided strands of manila, hemp, flax, or the like,
secured to the AIRSHIP, and used to secure ROBOTS for flight at the end of the MATCH. As described in
Section 4.2 Match Setup, Teams are invited to bring and install their own ROPE. If they don't, they can
expect default FIELD ROPES installed. These default ROPES are three (3), 1 in. (nominal) thick by 7 ft. 2
in. (~218 cm) long polypropylene “Manila” style ROPES from Knot and Rope Supply, SKU 0162. Each
default ROPE is knotted at the top, fused at the bottom, suspended from a notch at the end of each
DAVIT, and coiled and stowed on the outside of the AIRSHIP. The ROPE passes through the center of

the TOUCHPAD and hangs down to the FIELD carpet. The PILOT pulls the ROPE’S retention strap to
deploy the ROPE.

3.0 TOUCHPAD

Each TOUCHPAD is a 10 in. (~25 cm) polycarbonate plate mounted 4 ft. 10 in. (~147 cm) above the
carpet and used to determine if a ROBOT has successfully latched on to the AIRSHIP (i.e. ready for
takeoff) at the end of the MATCH. The plate has a 3 in. (~8 cm) wide by 6 in. (~15 cm) deep rectangular
cut-out to aid in assembly and ROPE mounting.

Figure 3-19: TOUCHPAD geometry

10in.

4ft. 10 in.

The TOUCHPAD plate must be pressed such that the following conditions are met for the ROBOT to be
credited with being ready for takeoff at the end of the MATCH:

A. it's minimally displaced by ¥z in. (~1 cm),
B. it's pressed for a duration of at least one (1) sec, and
C. it's pressed when the Teleop Period endsat T =0

The force required to activate the TOUCHPAD (i.e. push the TOUCHPAD plate up by approximately % in.
(~1.3 cm), causing activation of one or more of its microswitches) is no more than 1 Ib. (~%2 kQ).

The force required to move the TOUCHPAD throughout its full range of travel (i.e. cause the TOUCHPAD
plate to travel the full 1% in. (~4 cm)) is no more than 2 Ibs. (~1 kg).
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While a force less than 75 Ibs (~34 kg) applied to the TOUCHPAD plate once it’s fully pressed is not likely
to damage the TOUCHPAD, be aware that any damage, even if a result of less than 75 Ibs of force, is a
violation of G15.

Teams may wish to consider a reasonable “safety factor” for
TOUCHPAD activation and assume that no more than 3 Ibs. (~1.4 kg) of
vertical force is required to guarantee activation to account for
tolerances, assembly variations, temperature/humidity differences, and
other variances.

Figure 3-20 shows the two extreme states of the TOUCHPAD plate. The image on the left shows the
TOUCHPAD unactuated and the figure on the right shows one example of an actuated TOUCHPAD (with
the plate pressed all the way up). The DAVIT’S steel channel does not move with the TOUCHPAD plate.

Figure 3-20 Unactuated TOUCHPAD (left) and fully displaced TOUCHPAD plate (right)

Figure 3-21 shows examples where the TOUCHPAD has been sufficiently displaced, but timing varies.
Activations in red indicate that the requirements were not met, and the ROBOT was not credited with
“ready for takeoff” points defined in Table 4-1. Activations in green meet all criteria and credit the
ALLIANCE with associated points.

Figure 3-21: TOUCHPAD activation examples.

¥ sec
% = -
1sec
1sec

T (sec) -2 -1 0 1 2

During MATCH Post-MATCH
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A plastic dome is mounted above each TOUCHPAD and indicates if the associated ROBOT is ready for
takeoff. When thirty (30) seconds remain in TELEOP, all six (6) domes briefly animate to indicate that
they are active. If a TOUCHPAD is pressed by a ROBOT prior to this, the dome remains off. If a
TOUCHPAD is pressed during the final thirty (30) seconds of the MATCH and for the minimal duration
described in part B above, the dome illuminates in the ALLIANCE’S color and the associated points are
added to the real-time score. If a ROBOT causes a dome to illuminate, but disengages from the
TOUCHPAD, the dome turns off and the associated points are removed from the real-time score.

Figure 3-22: TOUCHPAD dome

3.10 HOPPERS

A HOPPER is a pair of containers located just outside the FIELD and used to store FUEL at the start of
the MATCH. There are five (5) HOPPERS located alongside and outside the GUARDRAIL. Two (2) are
positioned on the scoring table side of the FIELD and are each 13 ft. 9% in. (~420 cm) from the
ALLIANCE WALLS. Two (2) are positioned opposite the scoring table side of the FIELD and are each 6
ft. 6%2 in. (~199 cm) from the ALLIANCE WALLS. The fifth HOPPER is positioned opposite the scoring
table side of the FIELD and centered on the GUARDRAIL.

Figure 3-23: HOPPER locations
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6 ft. 6-1/2 in. 6 ft. 6-1/2 in.

Each HOPPER container is an aluminum framed polycarbonate box that is 2 ft. 2% in. (~67 cm) wide by 1
ft. 11%in. (~59 cm) deep by 3 ft. 10 in. (~117 cm) high. There is an opening that faces the FIELD at the
top of each HOPPER container. Once a polycarbonate panel is pushed, the floor of the box pivots down,
causing FUEL to roll onto the FIELD. When depositing FUEL onto the FIELD, the floor of the HOPPER is
2 ft. %6 in. (~63 cm) from the carpet. The polycarbonate panel is 1 ft. 3 in. (~38 cm) high, 1 ft. 10 in. (~56
cm) long and 2 in. (~5 cm) above the FIELD carpet, and requires approximately 25 Ibs. (~11 kg) applied 6
in. from the carpet over 1% in. (~4 cm) toward the HOPPER (until flush with the guardrail) to fully engage.

Figure 3-24: HOPPER geometry
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3.11 ALLIANCE WALL

The ALLIANCE WALL is the physical structure that separates ROBOTS from DRIVE TEAMS (except the
PILOT) and consists of a BOILER, three (3) PLAYER STATIONS, an Overflow LOADING STATION and
a Return LOADING STATION.

¥
2 =
e

Figure 3-25: ALLIANCE WALL COMPONENTS

PLAYER STATIONS (3)

\

Overflow LOADING
STATION

Return LOADING /
STATION BANNER Holder

31,1 PLAYER STATION

A PLAYER STATION is one (1) of three (3) assigned positions in an ALLIANCE WALL from where a
DRIVE TEAM operates their ROBOT. Each PLAYER STATION is made from a 3 ft. (~91 cm) tall diamond
plate panel base topped with a 3 ft. 6 in. (~107 cm) tall transparent plastic panel. An aluminum shelf is
attached to each PLAYER STATION to support the DRIVE TEAM’S OPERATOR CONSOLE. The shelf is
5ft. 9in. (~175 cm) wide and 1 ft. (~30 cm) deep. There is a 4 ft. 6 in. (~137 cm) long by 2 in. (nominal)
wide strip of hook-and-loop tape (“loop” side) along the center of the support shelf that may be used to
secure the OPERATOR CONSOLE to the shelf.

Each Player Station supports one (1) BANNER Holder. The BANNER Holder features a receptacle

designed to hold a ¥2-in. (nominal) diameter rod and is mounted above the team sign and behind the
STEAM PIPE.
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Figure 3-26: BANNER holder

BANNER Holder

N

Each PLAYER STATION contains the following electronic components for Teams:

PSOFIRST

One Ethernet Cable: attaches to the Ethernet port of the OPERATOR CONSOLE and
provides connectivity to the ARENA network.

One 120VAC NEMA 5-15R power outlet: located on the right side of each PLAYER STATION
shelf and protected by its own 2-Amp circuit breaker. It can be used to power the
OPERATOR CONSOLE. DRIVE TEAMS are responsible for monitoring their power
consumption as a tripped breaker in the outlet does not constitute an ARENA fault.

Note: The power outlet circuit breaker has been reduced from a 3A
breaker to a 2A breaker (used in 2015 and 2016).

One Emergency Stop (E-Stop) button: located on the left side of the PLAYER STATION shelf
and should be used to deactivate a ROBOT in an emergency.

One Team sign: displays the Team number and located at the top of each PLAYER
STATION.

One Team LED: indicates ALLIANCE color, ROBOT status, and E-Stop status and centered
at the top of each PLAYER STATION. Team LED states include:

Solid: indicates that the ROBOT is connected and enabled. This will only happen during a
MATCH.

Blinking: indicates that either the Field Management System (FMS) is preset for the MATCH
or it's during a MATCH and the corresponding ROBOT has lost connectivity.

Off: indicates that the MATCH has not started yet, but the ROBOT is linked and disabled.

If the amber LED is on, the E-stop button has been pressed.

One Timer: displays the official time remaining in AUTO, TELEOP, and TIMEOUTS and
marked with white tape along the bottom edge. A Timer is positioned at the top of each
Return LOADING STATION.

Competition ARENA hardware and wiring: mostly located below the center PLAYER
STATION shelf.

Section 3 ARENA
\Z!
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312 Overflow LOADING STATION
An Overflow LOADING STATION is located two (2) PLAYER STATIONS away from each BOILER.

Figure 3-27: Overflow LOADING STATION

Gear Slot

An Overflow LOADING STATION is used to feed FUEL from the OVERFLOW BIN on to the FIELD. Each
Overflow LOADING STATION includes a 6 ft. 6 in. (~198 cm) in. tall and 2 ft. 6 in. (~76 cm) wide
polycarbonate panel with an opening, aluminum frame, and shelf with backboard. The opening is 2% in.
(~6 cm) from each edge of the loading station, 2 ft. 1 in. (~64 cm) wide, 7%z in. tall (~19 cm), and 2 ft. 1 in.
(~64 cm) above the carpet.

The Overflow LOADING STATION shelf is 2 ft. 1 in. (~64 cm) wide, 3 ft. (~91 cm) long, and mounted at a
72 deg. angle. The top of the shelf is 3 ft. 7% in. (~110 cm) from the carpet.

Figure 3-28: Overflow LOADING STATION geometry
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3113 Return LOADING STATIONS
Return LOADING STATIONS are located in each of the two (2) corners of the FIELD opposite the

BOILERS.

Figure 3-29: Return LOADING STATIONS

Gear Slot

A Return LOADING STATION is used to feed FUEL and GEARS on to the FIELD. Each Return
LOADING STATION includes a 6 ft. 6 in. (~198 cm) in. tall and 6 ft. 3%2 in. (~192 cm) wide polycarbonate
panel with two (2) openings, aluminum frame, and shelves with backboards. The openings are side by

side, 1% in. (~3 cm) from each edge of the loading station, 2 ft. (~61 cm) wide, 7% in. tall (~19 cm), and 2

ft. 1in. (~64 cm) above the carpet.

There are two (2) shelves, 2 ft. (~61 cm) wide by 3 ft. (~91 cm) long, mounted at a 72 deg. angle. The
tops of the shelves are 3 ft. 7% in. (~110 cm) from the carpet. Each shelf has a slot through which to pass

GEARS.

Figure 3-30: Return LOADING STATION geometry
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3.11.4 BOILER

A BOILER is a FIELD element which converts FUEL to steam. There is a BOILER on each corner of the
FIELD opposite the scoring table. The base of each BOILER is 3 ft. 6 in. wide (~107 cm) by 3 ft. 6 in.
(=107 cm) deep by 8 ft. 1 in. (~246 cm) tall. There are two (2) openings, or GOALS, for loading FUEL into

the BOILER: the High Efficiency GOAL and the Low Efficiency GOAL.

The High Efficiency GOAL is a 1 ft. 9% in. (~55 cm) diameter vertical cylinder. The opening is 8 ft. lin.
(~246 cm) from the carpet. The horizontal offset between the face of the BOILER and the center of the

High Efficiency Goal opening is 1 ft. 5% in. (~44 cm).

The High Efficiency GOAL geometry can be simulated using six (6) 2015
Recycle Rush™ totes and one (1) 2015 Recycle Rush recycling
container.

The Low Efficiency GOAL is 2 ft. 1 in. (~64 cm) wide by 8% in. (~22 cm) tall. The bottom edge of the

GOAL is 1 ft. 6 in. (46 cm) above the carpet.

A series of nets is installed behind the BOILER which redirects missed shots back in to the FIELD. The
net is approximately 4 ft.10 in. (147 cm) wide by 9 ft. 11 in. (302 cm) tall and is set 4 ft. 6% in. (139 cm)
behind the GOAL opening. Nets are used to retain GAME PIECES in the FIELD and not intended to

behave consistently.

Figure 3-31: BOILER geometry
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The capacity of the Low Efficiency GOAL is seventy (70) FUEL. The capacity of the High Efficiency GOAL
is one-hundred and fifty (150) FUEL. FUEL that exceeds GOAL capacities will fall back on to the FIELD.

A BOILER processes FUEL in to steam at an average rate of five (5) FUEL per second per GOAL, but
actual rate is dependent on the amount and packing of FUEL in the GOALS (i.e. the tighter the packing in

a GOAL, the faster the FUEL processing rate).
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3.1.y RETURN & OVERFLOW BINS

RETURN and OVERFLOW BINS are used to store and transport FUEL that has exited a BOILER. They
are plastic open-topped containers, 2 ft. 9% in. (~85 cm) wide by 1 ft. 6 in. (~46 cm) deep by 1 ft. 1 in.
(~33 cm) tall, and each has a capacity of approximately fifty to sixty (50-60) FUEL.

Once FUEL is processed, it exits the BOILER into a RETURN BIN. Each LOADING LANE has three (3)
RETURN BINS. To prevent a RETURN BIN from overflowing, HUMAN PLAYERS may replace it with an
empty RETURN BIN.

Should a RETURN BIN overflow, the FUEL collects in either of the (2) OVERFLOW BINS.

Figure 3-32: RETURN and OVERFLOW BINS

RETURN BIN

OVERFLOW BIN

3.1.6 STEAM PIPE

The STEAM PIPE is a clear PVC pipe that transfers steam from the BOILER to the STEAM TANK on the
AIRSHIP. It is constructed from 2% in. (nominal) diameter clear plastic pipe and exits out the side of the
BOILER net support pipe closest to the PLAYER STATION. It is mounted flush to the top of the
ALLIANCE WALL and when it reaches the middle of the Overflow LOADING STATION, it turns and
extends to the AIRSHIP.

The pipe contains strips of Philips Color Kinetics Lights which display the transfer of steam. A pattern of
colored LEDs flow from the BOILER to the AIRSHIP as FUEL is scored by the BOILER. As the rate of
FUEL being scored inside the BOILER increases, the animation become faster. If the scoring rate
decreases, the animation slows down. If an ALLIANCE stops scoring FUEL in their BOILER, the lights will
come to a stop at their current position, indicating that FUEL is not being scored.
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STEAM PIPE
(highlighted yellow
for clarity)

3.12 GAME PIECES

3.12.1 FUEL

FUEL is used to generate steam for the AIRSHIP and is represented by “Screamin’ Yellow,” 5 in.
(nominal) diameter Gopher ResisDent™ polyethylene balls (Item Number 42-555). Each FUEL weighs
2.6 0z. (~74 g.). FUEL may be purchased from AndyMark (am-3376), and a six (6) pack of balls may be
purchased directly from Gopher Sports.

Figure 3-34: FUEL

3.12.2 GEARS

A GEAR is a toothed wheel used to start ROTORS on the AIRSHIP. Each GEAR is made from gold
(Pantone PMC 124C) polypropylene, has 10 teeth, an 11 in. (~28 cm) diameter, 10 in. (~25 cm) pitch
diameter, and is 2 in. (~5 cm) thick. Each GEAR weighs 18.4 0z. (~0.5 kg.) GEARS may be purchased
from AndyMark (am-3302).

Figure 3-35: GEAR
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3.13 Vision Targets

Vision targets are marked using 3M 8830 Scotchlite Reflective Material and highlight the locations of High
GOALS and LIFT pegs.

The vision target on the High GOAL consists of two horizontal rings. The first ring is 4 in. (~10 cm) wide,
with the upper edge located 7 ft. 4 in. (~224 cm) from the carpet. The second ring is 2 in. (~5 cm) wide
with the upper edge 6 ft. 8 in. (~203 cm) off the carpet.

Figure 3-36: BOILER vision target measurements

1ft. 3in.

Oin.

There are also vision targets on both sides of each LIFT peg. The peg targets are 2 in. (~5 cm) wide by 5
in. (~13 cm) tall rectangles located 10% in. (~27 cm) from the carpet and spaced 10% in. (~26 cm) apart
(outside dimensions).

Figure 3-37: LIFT peg vision target dimensions

10-1/4 in.
2in.

10-3/4 in.

Peg Highlighted for Clarity

3.14. The Field Management System

When a DRIVE TEAM connects the Ethernet cable from their assigned PLAYER STATION to their
OPERATOR CONSOLE, the Driver Station software on the OPERATOR CONSOLE computer will begin
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FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY

S

38 of 130


http://multimedia.3m.com/mws/media/662425O/3m-scotchlite-reflective-material-psa-tech-data-sheet.pdf

to communicate with the Field Management System (FMS). Once connected to FMS, the only open ports

available are described in Table 3-2.

Table 3-2: Open FMS Ports

Port Designation

Camera data from the roboRIO to the Driver
UDP/TCP 1180-1190 Station (DS) when the camera is connected

the roboRIO via USB

TCP 1735 SmartDashboard

UDP 1130 Dashboard-to-ROBOT control data

UDP 1140 ROBOT-to-Dashboard status data

HTTP 80 Camera connected via switch on the ROBOT
HTTP 443 Camera connected via switch on the ROBOT
UDP/TCP 554 Real-Time Streaming Protocol for h.264

camera streaming

UDP/TCP 5800-5810 Team Use

Bi-directional?

Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Teams may use these ports as they wish if they do not employ them as outlined above (e.g. TCP 1180
can be used to pass data back and forth between the ROBOT and the Driver Station software if the Team
chooses not to use the camera on USB). Note that ROBOT code cannot be deployed while connected to

the FMS. Additional information about the FMS may be found in the EMS Whitepaper.
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45 MATGH Play

During each FIRST® STEAMWORKSSM MATCH, two ALLIANCES (an ALLIANCE is a cooperative of up
to four (4) FIRST® Robotics Competition Teams) rush to best prepare their AIRSHIPS for a long distance
race. Well prepared AIRSHIPS have as much steam pressure stored in the STEAM TANK and as many
ROTORS on the AIRSHIP activated as possible.

e STEAM Pressure: ROBOTS collect FUEL and use the FUEL to stoke their BOILERS and
make STEAM Pressure (as measured in kilopascals, kPa). Each ALLIANCE has one High
Efficiency BOILER and one Low Efficiency BOILER. As FUEL is loaded in to BOILERS,
pressure is built at rates defined in Table 4-1, and added to the ALLIANCE’S score.

e ROTORS: ROBOTS collect GEARS from their HUMAN PLAYER stationed on the opposite
end of the FIELD. ROBOTS then deliver GEARS to PILOTS on their AIRSHIP, who then
install them. GEARS installed properly complete the GEAR sets used to drive ROTORS on
the AIRSHIP. ALLIANCES earn extra points for any ROTOR started during AUTO.

Bonus points are awarded for ROBOTS that signify that they're ready for takeoff by latching on to their
AIRSHIP via the ROPES.

4.1 Periods

Each MATCH is divided in to two periods. The first period, called AUTO, is the first fifteen (15) seconds of
a MATCH in which ROBOTS operate without any DRIVE TEAM control or input. During this period,
ROBOTS attempt to deliver preloaded GAME PIECES (and PILOTS race to install delivered GEARS),
retrieve additional GAME PIECES, and cross their BASE LINE before the start of the next period.

TELEOP is the second period in a MATCH and is two minutes and fifteen seconds (2:15) long. During
this period, DRIVERS may operate ROBOTS remotely to retrieve and deliver GAME PIECES, defend
against their opponents, and climb their ROPES to prepare for the impending departure of their AIRSHIP
after the MATCH.

4.2 MATCH Setup

Each MATCH consists of two (2) minutes and thirty (30) seconds of game play, as well as pre- and post-
MATCH time for setup and reset of the ARENA. During ARENA Reset, the ARENA is cleared of ROBOTS
and OPERATOR CONSOLES from the MATCH that just ended. The ROBOTS and OPERATOR
CONSOLES for the following MATCH must be placed in position and ready to operate before the start of
the next MATCH. FIELD STAFF reset the ARENA elements during this time.

Each MATCH begins with GAME PIECES, elements used to score points, staged as shown in Figure 4-1.
Staging details are as follows:

e FUEL

A. Ten (10) available for each TEAM to preload in their ROBOT (any not preloaded are
staged in the bin referenced in the next bullet, B)

B. Twenty (20) in each LOADING LANE (in a bin staged between the LOADING
STATION and the STARTING LINE)

C. One hundred (100) in each HOPPER (i.e. fifty (50) in each HOPPER container)
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D. One (1) available to each team to preload in their ROBOT (any not preloaded are
staged with GEARS in E)

E. Eighteen (18) in each LOADING LANE (staged on the carpet between the LOADING
STATION and the STARTING LINE)

F. One (1) in each AIRSHIP
Figure 4-1: GAME PIECE staging

20 Fuel 20 Fuel
18 Gears 100 Fuel 100 Fuel 18 Gears

I 30 Fuel
’ 3 Gears

When a DRIVE TEAM loads their ROBOT onto the FIELD for a MATCH they may elect to:

A. pre-load one (1) GEAR in or on their ROBOT such that it is fully and only supported
by the ROBOT. Any GEARS not preloaded in a ROBOT are transferred to their
LOADING LANE.

and

B. pre-load up to ten (10) FUEL in or on their ROBOT such that they are fully and only
supported by the ROBOT. Any FUEL not preloaded in a ROBOT is transferred to a
RETURN BIN in their LOADING LANE.

“Support”, in reference to pre-loaded GAME PIECES, is transitive
through other GAME PIECES. For example, a FUEL is “fully supported
by the ROBOT” if it is resting on top of a GEAR that is in turn on a
ROBOT (and thus both GAME PIECES are “fully supported” by the
ROBOT).

A DRIVE TEAM may elect to switch one of the ROPES on their AIRSHIP for their own ROPE that meets
the criteria defined in 104 of Section 9 Inspection & Eligibility Rules and has a serialized Inspection tag.
Once the DRIVE TEAM has installed their ROPE on the AIRSHIP, it is part of the FIELD, but any issues
with it will not result in an ARENA FAULT.

If order placement of ROBOTS or ROPES matters to either or both ALLIANCES, the ALLIANCE must
notify the Head REFEREE during setup for that MATCH. Upon notification, the Head REFEREE will
require ALLIANCES alternate placement of all ROBOTS and then all ROPES, starting with the Red

Section 4 MATCH Play
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ALLIANCE and in order of PLAYER STATION a53|gned (i.e. Red Station 1 ROBOT, Blue Station 1
ROBOT, Red Station 2 ROBOT, Blue Station 2 ROBOT...Red Station 1 ROPE, Blue Station 1 ROPE,
Red Station 2 ROPE...).

4.3 Scoring

ALLIANCES are rewarded for accomplishing various actions including autonomous movement, pressure
accumulation, ROTOR engagement, getting a ROBOT ready for takeoff, and winning and tying
MATCHES. Rewards are granted either via MATCH points (which contribute to the ALLIANCE’S MATCH
score) or Ranking Points (which increases the measure used to rank teams in the Qualification
tournament). Such actions, their criteria for completion, and their point values are listed in Table 4-1.
Scores are assessed and updated throughout the MATCH.

Fractions of kilopascals accumulate as an ALLIANCE stokes the BOILER with FUEL in the High and Low
Efficiency GOALS. For example, during TELEOP, an ALLIANCE scores twelve (12) FUEL in the Low
Efficiency GOAL and five (5) FUEL in the High Efficiency GOAL. As a result, the ALLIANCE has
generated three (3) kPa of pressure (= 12/9 + 5/3).

MATCH points increment as whole unit kilopascals are achieved. For example, during TELEOP, an
ALLIANCE scores fourteen (14) FUEL in the Low Efficiency GOAL and five (5) FUEL in the High
Efficiency GOAL. As a result, they have generated 32%/9 kPa of pressure (= 14/9 + 5/3), and their MATCH
points increment by three (3) points. They do not receive a fourth MATCH point unless and until they
score enough FUEL in the high and Low Efficiency GOAL to generate four (4) kPa of pressure.

Fractions of kilopascals generated in AUTO carry over and contribute to the TELEOP pressure. For
example, if an ALLIANCE scores seventeen (17) FUEL in the Low Efficiency GOAL in AUTO, the
ALLIANCE receives five (5) MATCH points and has generated 5% kPa of pressure. Once TELEOP
begins, the ALLIANCE scores another three (3) FUEL in the Low Efficiency GOAL. Their pressure is now
six (6) kPa and they're awarded a sixth MATCH point.
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Table 4-1: FIRST STEAMWORKS rewards

Action Criteria LAIC el R;lgiléltr;g
AUTO TELEOP
AUTO For each ROBOT that breaks the BASE LINE 5
mobility vertical plane with their BUMPER by T=0
For every three (3) FUEL counted in the Low )
Efficiency GOAL by T=0 1
For every one (1) FUEL counted in the High + 1 kPa )
Efficiency GOAL by T=0
Pressure For every nine (9) FUEL counted in the Low
accumulation Efficiency GOAL by T=0 1
For every three (3) FUEL counted in the High + 1 kPa
Efficiency GOAL by T=0 -
If ALLIANCE meets or exceeds a threshold 20 L
(Playoffs (Quals
pressure of 40 kPa
only) only)
For each ROTOR turning by period’s T=0,
, : 60 40 -
that’s not previously been scored
ROTOR 100 1
engagement If all four (4) ROTORS turning by T=0 (Playoffs (Quals
only) only)
Ready for For each TOUCHPAD triggered by a ROBOT 50 )
Takeoff at T=0
. ALLIANCE's final score exceeds their 2
Win opponents’ (Quals
PP ) only)
o £ . 1
Tie ALLIANCE’ s final score equals their (Quals
opponents
only)

Although the STEAM TANK lights as described in Section 3.6 STEAM TANK have an upper limit to the
amount of Pressure they can display, there is no limit on the Pressure an ALLIANCE can accumulate.

FUEL contributes to an ALLIANCE’S pressure and MATCH score only
once it is counted, which occurs after it'’s loaded in a BOILER. The
BOILER'’S rate of processing FUEL is detailed in Section 3.11.4 BOILER
and should be taken in to consideration when loading FUEL in the final
seconds of AUTO and TELEOP. The BOILER counters shut off at T=0,
and any uncounted FUEL (i.e. FUEL that has not passed by the sensors)
does not contribute to pressure accumulation or MATCH points.

Like the reduction of prepopulated GEARS for Championships described
in Section 3.4.2 GEAR Sets, the threshold pressure may also increase
for District Championships or FIRST® Championship.
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Upon a rule violation, one or more of the penalties listed in Table 4-2 will be assessed.

Table 4-2: Penalty Table

Action Penalt
FOUL 5 points credited towards the opponent’s total score.

TECH FOUL 25 points credited towards the opponent’s total score.
a warning issued by the Head REFEREE for egregious ROBOT or Team

\C(ill‘?lbow m_ember behavior or rule violations. A subsequent YELLOW CARD
within the same tournament phase will lead to a RED CARD.
a penalty assessed for egregious ROBOT or Team member behavior, or
RED CARD rule violations, which results in a Team being DISQUALIFIED for the
MATCH.
DISABLED ROBOT yviII be commanded to d_eactivate all outputs, rendering the
ROBOT inoperable for the remainder of the MATCH.
the status of a Team, as determined by the Head REFEREE, in which
DISQUALIFIED their Team receives zero (0) MATCH points in a qualification MATCH or

causes their ALLIANCE to receive zero (0) MATCH points in a Playoff
MATCH

In addition to rule violations explicitly listed in this manual and witnessed by a REFEREE, the Head
REFEREE may assigh a YELLOW or RED CARD as a result of egregious ROBOT actions or Team
member behavior at the event. Please see Section 10.7 YELLOW and RED CARDS for additional detail.

4.5 DRIVE TEAM

A DRIVE TEAM is a set of up to five (5) people from the same FIRST Robotics Competition Team
responsible for Team performance during a MATCH. There are four (4) specific roles on a DRIVE TEAM
which ALLIANCES can use to assist ROBOTS with race preparation.

Table 4-3: DRIVE TEAM roles

Role Description DRI\I\/AEa)'(I'.I/EAM Criteria
responsible for acting as e Pre-college student or adult mentor
COACH . : 1 P "
a guide or advisor e Must wear “Coach” button
responsible for operating
DRIVER and controlling the 4
ROBOT
HUMAN  responsible for managing 4 e Pre-college student
PLAYER GAME PIECES e Must wear one (1) of the four (4) “Drive
responsible for installing Team” buttons
PILOT GEARS, starting 1

ROTORS, and deploying
ROPES

There may be up to two (2) PILOTS per ALLIANCE per MATCH. During Qualification MATCHES, PILOTS
may come from the DRIVE TEAMS assigned to Stations 1 and 2. A Team is permitted to cede their
PILOT position to a PILOT from the DRIVE TEAM assigned to Station 3. During Playoff MATCHES, the
ALLIANCE CAPTAIN has the authority on which two separate teams provide the ALLIANCE’S PILOTS.

S
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PILOTS are strongly encouraged to make sure safety glasses fit
properly, secure them with eyewear retainers, avoid loose fitting clothing
and jewelry, and tie back long hair.

4.6 Logistics

Any GAME PIECES that leave the FIELD will not be returned to MATCH play. GAME PIECES that
inadvertently bounce back in to the FIELD will be considered fair game.

Note that ROBOTS may not deliberately cause GAME PIECES to leave
the FIELD (see G22).

GAME PIECES that roll, slide, or otherwise transfer from a LOADING LANE to an ALLIANCE STATION
(or vice versa) are considered “owned” by the ALLIANCE in the space now occupied by the GAME
PIECE.

There will not be an ARENA FAULT called for MATCHES that accidentally begin with an incorrect number
of GAME PIECES, damaged GAME PIECES, or experience the failure of a Team provided ROPE.

Section 4 MATCH Play
PSOFIRST i

FOR INSPIRATION & RECOGNITION OF SCIENCE & TECHNOLOGY 46 of 130

S




)

e
:

ok
‘.4'._?74 =

Safety Rules

Safety is paramount at all times during any Tournament, and each rule below is intended to establish
norms at each event that will mitigate injury risk to all participants.

Event staff have the final decision authority for all safety-related issues within a venue.

S01.

S02.

S03.

S04.

SO05.

S06.

PSOFIRST
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Safety glasses: required. All event attendees must wear ANSI-approved, UL Listed, or CSA
rated non-shaded safety glasses while in the ARENA. Lightly tinted lenses are permitted provided
eyes are clearly visible to others, but reflective lenses are prohibited.

Violation: Attendee must immediately remedy or leave the ARENA.

Closed-toed shoes: required. All event attendees must wear closed-toed shoes while in the
ARENA.

Violation: Attendee must immediately remedy or leave the ARENA.

Dangerous ROBOTS: not allowed. ROBOTS whose operation or design is dangerous or unsafe
are not permitted.

Examples include, but are not limited to:

A. Uncontrolled motion that cannot be stopped by the DRIVE TEAM
B. ROBOT parts “flailing” outside of the FIELD

C. ROBOTS dragging their battery
D.

ROBOTS that consistently extend beyond the FIELD

Violation: If before the MATCH, the offending ROBOT will not be allowed to participate in the
MATCH. If during the MATCH, the offending ROBOT will be DISABLED.

Wait for the green lights. DRIVE TEAMS may only enter the FIELD if the LED strings are green,
unless explicitly instructed by a REFEREE or an FTA.

Violation: YELLOW CARD.
ROBOTS, stay on the FIELD during the MATCH. ROBOTS and anything they control, e.g. a

GEAR, may not contact anything outside the FIELD with the exception of brief incursions into the
GOALS.

Please be conscious of REFEREES, and FIELD STAFF working around
the ARENA who may be in close proximity to your ROBOT.

Violation: Offending ROBOT will be DISABLED.

Humans, stay off the FIELD during the MATCH. DRIVE TEAMS (except for PILOTS, see S07)
may not extend any body part into the FIELD during the MATCH.

Examples of egregious violations that are likely to escalate the Violation
to a RED CARD include, but are not limited to, walking onto the FIELD
during a MATCH or intentionally reaching into the FIELD and grabbing a
ROBOT during a MATCH.

Violation: YELLOW CARD

Section 5 Safety Rules
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S11.

S12.
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Keep your hands “inside” the vehicle at all times. During the MATCH, the PILOT may neither
contact ROTORS,

contact DAVITS,

C. reach outside any PORT, nor

w

D. contact any part of a deployed (i.e. any part of the ROPE is below the deck of the
AIRSHIP) ROPE.

Violation: YELLOW CARD

Stay out of the chute. DRIVE TEAMS may not contact the inside surfaces of the chute nor any
part of a GAME PIECE that is within the volume of the chute. Momentary contact while feeding
GAME PIECES into the chute is an exception to this rule.

Violation: FOUL.

Never step/jump over the GUARDRAIL. DRIVE TEAMS may only enter or exit the FIELD
through open gates.

Violation: YELLOW CARD.

Wireless operation: on FIELD and Practice Field only. Wireless ROBOT control is only
permitted on the FIELD or Practice FIELD. ROBOTS must be operated by tether when outside
the FIELD or Practice FIELD.

Violation: Verbal warning. Repeated violations will be addressed by the Head REFEREE, the Lead
ROBOT Inspector and/or Event Management.

If wireless on Practice Field, use FIRST’s radio. If operating wirelessly on the Practice FIELD,
ROBOTS must use the provided Practice Field radio for communication.

Violation: Verbal warning. Repeated violations will be addressed by the Head REFEREE, the Lead
ROBOT Inspector and/or Event Management.

Climb facing the ladder, but don’t operate it. PILOTS may only enter and exit the AIRSHIP
under the following criteria:

A. amember of the FIELD STAFF has released the ladder,
B. one rung at a time, and
C. facing your AIRSHIP.

Violation: Verbal warning. If jumped off AIRSHIP, YELLOW CARD. Repeated violations will be
addressed by the Head REFEREE, the Lead ROBOT Inspector and/or Event Management.

Section 5 Safety Rules
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6 Gonduef Rules

C01. Beagood person. All Teams must be civil towards their own Team members, other Teams,
competition personnel, FIELD STAFF, and event attendees while at a FIRST® Robotics
Competition event.

Violation: Behavior will be discussed with Team or individual. Violations of this rule are likely to
escalate to YELLOW or RED CARDS rapidly (i.e. the threshold for egregious or repeated
violations is relatively low.)

Examples of egregious behavior include, but are not limited to,
inappropriate behavior such as repeated use of offensive language or
other uncivil conduct.

C02. Asking other Teams to throw a MATCH — not cool. A Team may not encourage an ALLIANCE,
of which it is not a member, to play beneath its ability.

NOTE: This rule is not intended to prevent an ALLIANCE from planning and/or executing its own
strategy in a specific MATCH in which all the Teams are members of the ALLIANCE.

Example #1: A MATCH is being played by Teams A, B, and C, in which
Team C is encouraged by Team D to not deliver GEARS, resulting in
Teams A, B, and C not earning a Ranking Point for the ROTOR
achievement. Team D’s motivation for this behavior is to prevent Team A
from rising in the Tournament rankings and negatively affecting Team
D’s ranking.

Example #2: A MATCH is being played by Teams A, B, and C, in which
Team A is assigned to participate as a SURROGATE. Team D
encourages Team A to not participate in the MATCH so that Team D
gains ranking position over Teams B and C.

FIRST® considers the action of a Team influencing another Team to
throw a MATCH, to deliberately miss Ranking Points, etc. incompatible
with FIRST values and not a strategy any team should employ.

Violation: Behavior will be discussed with Team or individual. Violations of this rule are likely to
escalate rapidly to YELLOW or RED CARDS, and may lead to dismissal from the event (i.e. the
threshold for egregious or repeated violations is relatively low.)

C03. Letting someone coerce you in to throwing a MATCH — also not cool. A Team, as the result
of encouragement by a Team not on their ALLIANCE, may not play beneath its ability.

NOTE: This rule is not intended to prevent an ALLIANCE from planning and/ or executing its own
strategy in a specific MATCH in which all the ALLIANCE members are participants.

Example #1: A MATCH is being played by Teams A, B, and C. Team D
requests Team C to not deliver GEARS resulting in Teams A, B, and C
not earning a Ranking Point for the ROTOR achievement. Team C
accepts this request from Team D. Team D’s motivation for this behavior
is to prevent Team A from rising in the Tournament rankings negatively
affecting Team D’s ranking.
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Example #2: A MATCH is being played by Teams A, B, and C, in which
Team A is assigned to participate as a SURROGATE. Team A accepts
Team D’s request to not participate in the MATCH so that Team D gains
ranking position over Teams B and C.

FIRST considers the action of a Team influencing another Team to throw
a MATCH, to deliberately miss Ranking Points, etc. incompatible with
FIRST values and not a strategy any team should employ.

Violation: Behavior will be discussed with Team or individual. Violations of this rule are likely to
escalate rapidly to YELLOW or RED CARDS, and may lead to dismissal from the event (i.e. the
threshold for egregious or repeated violations is relatively low.)

C04. Compete with only one (1) ROBOT. Each registered FIRST Robotics Competition team may
enter only one (1) ROBOT (or ‘Robot’, which to a reasonably astute observer, is a ROBOT built to
play FIRST STEAMWORKS) into the 2017 FIRST Robotics Competition.

“Entering” a ROBOT (or Robot) in to a FIRST Robotics Competition
means bringing it to the event such that it's an aid to your Team (e.g. for
spare parts, judging material, or for practice). Spare FABRICATED
ITEMS may be brought to the event in a bag or part of a WITHHOLDING
ALLOWANCE.

This rule does not prohibit teams from bringing in robots from other
FIRST programs for the purposes of awards presentations or pit
displays.

Violation: Verbal warning. Repeated violations will be addressed by the Head REFEREE, the Lead
ROBOT Inspector and/or Event Management.

C05. Don’t set up wireless networks. Teams may not set up their own 802.11a/b/g/n/ac (2.4GHz or
5GHz) wireless communication (e.g. access points or ad-hoc networks) in the venue.

A wireless hot spot created by a cellular device is considered an access
point.

Violation: Verbal warning. Repeated violations will be addressed by the Head REFEREE, the Lead
ROBOT Inspector and/or Event Management.

C06. Don’t try to hack networks. No Team or Team member shall interfere or attempt to interfere
with any other Team’s or FIRST wireless communication. Except as expressly allowed for
purposes of communicating with the Team’s own ROBOT on the FIELD or a Practice FIELD, no
Team or Team member shall connect or attempt to connect to any other Team’s or FIRST’s
wireless network.

Teams are encouraged to report suspected wireless security
vulnerabilities to the FIRST Technical Advisor (FTA) if at the event or to
FIRST via the Wireless Security Feedback Form.

Violation: Behavior will be discussed with Team or individual. Violations of this rule are likely to
escalate rapidly to YELLOW or RED CARDS, and may lead to dismissal from the event (i.e. the
threshold for egregious or repeated violations is relatively low.) Legal action may also be pursued
based on applicable law.

CO07. Show up to your MATCHES. Each Team must send at least one (1) member of its DRIVE
TEAM to the FIELD and participate in each of the Team’s assigned Qualification and Playoff
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C09.
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MATCHES. The Team should inform the Lead Queuer if the Team’s ROBOT is not able to
participate.

Violation: If ROBOT has passed an initial, complete Inspection, RED CARD. If ROBOT has not
passed an initial, complete Inspection, DISQUALIFIED per 102.

Figure 6-1: Match participation flowchart

Qualifications:
Team is a “no show” and
eam passed its DISQUALIFIED for the MATCH
initial, complete No (Section 10.4.3).
Inspection at Playoffs:

Did the
eam participate in
the MATCH?
(Ca7)

his event?, ALLIANCE is DISQUALIFIED for,
the MATCH (Section 10.5).

Yes Yes
ﬁm receives a RED CARD for
'\ the MATCH (CO07).

ﬂ Teams on the ALLIANCE
initial, complete No receive RED CARDS in this
Inspection at '\ MATCH (102).
his event?,
Yes ﬁam does not receive any
L Cards per C07 and is not

DISQUALIFIED for the MATCH.

Don’t expect to gain by doing others harm. Strategies aimed solely at forcing the opposing
ALLIANCE to violate a rule are not in the spirit of FIRST Robotics Competition and not allowed.
Rule violations forced in this manner will not result in an assignment of a penalty to the targeted
ALLIANCE.

Violation: FOUL. If egregious or repeated, YELLOW CARD.

C08 does not apply for strategies consistent with standard gameplay,
e.g. contacting an opponent while in your RETRIEVAL ZONE to retrieve
GAME PIECES.

CO08 requires an intentional act with limited or no opportunity for the
TEAM being acted on to avoid the penalty, e.g. pinning an opponent in
your KEY such that they cannot help but violate G17.

One student, one Head REFEREE. A Team may only send one (1) pre-college student from its
DRIVE TEAM to address the Head REFEREE.

Please see Section 10.6 REFEREE Interaction for more information
about process and expectations.

Violation: The Head REFEREE will not address additional, non-compliant Team members or
peripheral conversations.

S
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Even BANNERS have standards. If brought to the ARENA, the Team BANNER must be
constructed to the Team Banner Specification and installed such that

A. its vertical support is in the BANNER holder in the PLAYER STATION to which the
Team is assigned, as indicated on the Team sign and,

B. oriented with its horizontal support piece parallel to the ALLIANCE WALL.

Violation: The MATCH will not start until the situation is corrected or the Team banner is removed
from the ARENA.

Keep your hands off your BANNER. During a MATCH, the Team BANNER may not be touched
by any member of the ALLIANCE

Violation: FOUL, an exception is given for a Team BANNER which is damaged and/or dangling in
front of a DRIVE TEAM.

Plug in to/be in your PLAYER STATION. The OPERATOR CONSOLE must be used in the
PLAYER STATION to which the Team is assigned, as indicated on the Team sign.

Violation: The MATCH will not start until the situation is corrected. If during a MATCH, YELLOW
CARD.

One intent of C12 is to prevent unsafe situations where long tethers to
OPERATOR CONSOLE devices increase tripping hazards as the
operator moves about the ALLIANCE STATION. In the interest of
avoiding nuisance penalties associated with an operator stepping outside
of a prescribed area, we prefer to offer a general guideline as to what it
means to use the OPERATOR CONSOLE in the ALLIANCE STATION.
Provided the operator is within close proximity of their PLAYER
STATION, there will be no repercussions. However, if an operator is
located more than approximately %2 PLAYER STATION width away from
their own PLAYER STATION, that would be considered a violation of
Ci2.

No work outside your pit. Throughout the event, from load-in to load-out, Teams may only
produce FABRICATED ITEMS in their pit area, other Teams’ pit areas with permission from that
Team, or as permitted at provided machine shops.

Violation: Verbal warning. Repeated or egregious violations will be addressed by the Head
REFEREE, the Lead ROBOT Inspector and/or Event Management.

Section 6 Conduct Rules
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7 Game Rules

7.1 Before the MATCH

GO01. Know your ROBOT setup. When placed on the FIELD for a MATCH, each ROBOT must be:

A. in compliance with all ROBOT rules, i.e. has passed Inspection (for exceptions
regarding Practice MATCHES, see Section 9 Inspection & Eligibility Rules),

the only item left on the FIELD by the DRIVE TEAM,
confined to its STARTING CONFIGURATION,

set on the carpet,

in contact with its ALLIANCE WALL diamond plate, and

supporting not more than 10 FUEL and 1 GEAR (as described in Section 4.2 MATCH
Setup).
Violation: If fix is a quick remedy, the MATCH won’t start until all requirements are met. If it is not

a quick remedy the offending ROBOT will be DISABLED and, at the discretion of the Head
REFEREE, must be re-inspected.

nmoow

If a ROBOT is BYPASSED prior to the start of the MATCH, the DRIVE
TEAM may not remove the ROBOT from the FIELD without permission
from the Head REFEREE or the FIRST® Technical Advisor (FTA).

G02. Be prompt/safe when coming to and going from the FIELD. DRIVE TEAMS may not cause
significant or repeated delays to the start of a MATCH and/or to the FIELD reset at the conclusion
of the MATCH.

Violation: If prior to the MATCH, the offending DRIVE TEAM’S ROBOT will be DISABLED. If after
the MATCH, YELLOW CARD.

DRIVE TEAMS are expected to stage their ROBOTS for a MATCH, and
remove it from the FIELD afterwards, safely and swiftly. Examples
include, but are not limited to:

E. late arrival to the FIELD

F. failing to exit the FIELD once the LED strings have turned off
(indicating MATCH ready)

G. installing BUMPERS, charging pneumatic systems, or any other
ROBOT maintenance, once on the FIELD

H. use of alignment devices that are external to the ROBOT

I. failing to remove OPERATING CONSOLES from the PLAYER
STATIONS in a timely manner

J. convoluted installation and removal of TEAM supplied ROPE
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G03. Know your DRIVE TEAM positions. Prior to the start of the MATCH, DRIVE TEAMS must be
positioned as follows:

A. DRIVERS and COACHES must be in their ALLIANCE STATION and behind the
STARTING LINE

B. Atleast one (1) PILOT must be on their AIRSHIP (please refer to Section 4.5 DRIVE
TEAM for details regarding which DRIVE TEAMS provide the PILOT(S))

C. HUMAN PLAYERS (that are not PILOTS) must be behind the STARTING LINE and
in their ALLIANCE STATION or LOADING LANE

Violation: MATCH will not start until the situation is corrected.

7.2 ROBOT Restrictions

G04. Don’t overextend yourself. AROBOT may not exceed the volume for which it passed
Inspection during the MATCH.

Violation: FOUL. If strategic, (e.g. expansion results in the TOUCHPAD being triggered), RED
CARD.

The two (2) distinct ROBOT volumes permitted are defined in R03 and
included below for reference:

A. 36in. by 40 in. by 24 in. tall (~91 cm by 101 cm by 60 cm tall)
B. 30in. by 32 in. by 36 in. tall (~76 cm by 81 cm by 91 cm tall)

Figure 7-1: Permitted ROBOT volumes

40 in. (~101 cm.)

24 in, (~60 cm.)

36 in. (~91 cm.)
36 in. (~91 cm.)

30 in. (~76 cm.) 32in. (~81 cm.)

These measurements are intended to be made as if the ROBOT is
resting on a flat floor, not relative to the height of the ROBOT from the
FIELD carpet.

As aresult, a ROBOT that fits in one of the permitted volumes and has
climbed a ROPE such that its highest point is 4 ft. (~122 cm) from the
floor has not violated G04 as it is not considered 4 ft. (~122 cm) tall.

Additionally, a ROBOT that is angled as it climbs a rope (such that a
diagonal of length that exceeds the volume’s height restriction becomes
vertical), does not violate G04, assuming that if it's virtually transposed to
a flat floor without changing configuration, it's within its permitted volume.
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GO06.
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Keep your BUMPERS together. ROBOTS must be in compliance with BUMPER Rules
throughout the MATCH.

Violation: FOUL. DISABLED if any BUMPER segment becomes completely detached or the Team
number or ALLIANCE color becomes indeterminate.

ROBOTS must be removed from the FIELD by hand (i.e. no enabling, power, etc.). ROBOTS
will not be re-enabled after the conclusion of the MATCH, nor will Teams be permitted to tether to
the ROBOT except in special circumstances (e.g. during TIMEOUTS, after Opening Ceremonies,
before an immediate MATCH replay, etc.) and with the express permission from the FTA or a
REFEREE.

Violation: YELLOW CARD.

Tethering includes any wired or wireless connection used to electrically
energize and/or control elements on the ROBOT. The safety of Teams
and Volunteers in close proximity to ROBOTS and ARENA elements on
the FIELD is of the utmost importance, therefore ROBOTS or ROBOT
COMPONENTS may not be energized or powered in any way on the
FIELD once the MATCH has concluded.

7.3 ROBOT to ROBOT Interaction

GO7.

PSOFIRST
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Opponent touching their ROPE: don’t touch them. ROBOTS may not contact an opposing
ROBOT, regardless of who initiates the contact, if the opposing ROBOT is in contact with one of
its own ALLIANCE'S ROPES.

Figure 7-2: Don’t touch opponents touching their ROPES.

Violation: The opposing ROBOT is considered to have triggered an un-triggered TOUCHPAD at the
end of the MATCH.

Teams are encouraged to consider rule CO8 when developing their
strategies, such as attempting to draw violations of this rule.
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G08. Don’t tear others down to lift yourself up. Strategies aimed at the destruction or inhibition of
ROBOTS via attachment, damage, tipping, entanglements, or deliberately putting a GEAR on an
opponent’'s ROBOT are not allowed.

Violation: FOUL and YELLOW CARD. If harm or incapacitation occurs as a result of the strategy,
RED CARD

G09. Stay out of other ROBOTS. Initiating deliberate or damaging contact with an opponent ROBOT
on or inside the vertical extension of its FRAME PERIMETER is not allowed.

Violation: FOUL and YELLOW CARD.

G10. Don’t collude with your partners to shut down major parts of game play. Two or more
ROBOTS may not isolate or close off any major facet of MATCH play, e.g. block all three
opponent LIFTS, shut down all access to GAME PIECES, quarantine all opponents to a small
area of the FIELD, etc.

Violation: YELLOW CARD for the ALLIANCE.

A single ROBOT blocking access to a particular area of the FIELD is not
a violation of G10.

G11l. There’s a 5-count on pins. ROBOTS may not pin an opponent’'s ROBOT for more than five (5)
seconds. A ROBOT will be considered pinned until the ROBOTS have separated by at least six
(6) feet. The pinning ROBOT(s) must then wait for at least three (3) seconds before attempting to
pin the same ROBOT again. Pinning is transitory through other objects. If the pinned ROBOT
chases the pinning ROBOT upon retreat, the pinning ROBOT will not be penalized, and the pin
will be considered complete.

Violation: FOUL. For every five (5) seconds in which the situation is not corrected, FOUL. If
extended and egregious, RED CARD.

There is no FIRST® Robotics Competition specific definition of pin, so a
general definition applies; “to prevent or stop something from moving.”
As a result, contact is not required for pinning to occur. For example, a
ROBOT parked right behind an opponent that is between dividers could
be considered pinning because the dividers and the parked ROBOT
prevent the opponent from moving.

Generally, pins that exceed fifteen (15) seconds are considered
extended and egregious, regardless of a pinning ROBOT’s mobility,
however circumstances vary and the assessment is open to REFEREE
discretion.

G12. If an opponent’s down, back off. Fallen (i.e. tipped over) ROBOTS attempting to right
themselves (either by themselves or with assistance from a partner ROBOT) have one ten (10)
second grace period in which they may not be contacted by an opponent ROBOT. This protection
lasts for either ten (10) seconds or until the protected ROBOT has completed the righting
operation, whichever comes first.

Violation: FOUL. If intentional, YELLOW CARD.

G13. Don’t mess with a ROBOT in their RETRIEVAL ZONE. A ROBOT with any part inside its
opponent’'s RETRIEVAL ZONE may not contact an opposing ROBOT, regardless of who initiates
the contact.

Violation: TECH FOUL.
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TEAMS should take note that they are putting themselves at great risk
for FOULS if they choose to enter their opponent’s RETRIEVAL ZONE.

V.
Phe 721
§

G14. Don’t climb on each other. ROBOTS may neither fully nor partially support the weight of other
ROBOTS strategically or repeatedly.

Violation: RED CARD.

7.4 FIELD Interaction

G15. Be careful about what you grab on to. DRIVE TEAMS, ROBOTS, and OPERATOR
CONSOLES are prohibited from the following actions with regards to interaction with ARENA
elements.

Items A and B exclude DRIVE TEAM interaction with FIELD elements in their areas.

Iltem C excludes use of the PLAYER STATION hook-and-loop tape, plugging in to the provided
power outlet, and plugging the provided Ethernet cable in to the OPERATOR CONSOLE.

Iltems A-E exclude GAME PIECES.
Items A-G exclude ROPES installed on an ALLIANCE’S AIRSHIP.

Items A-H exclude a ROBOT'S interaction with a Team supplied ROPE that doesn't litter the
FIELD.

Grabbing

Grasping

Attaching to (including the use of hook-and-loop tape against the FIELD carpet)
Grappling

Hanging

Deforming

Becoming entangled

roe mmoow >

Damaging

Violation: If prior to MATCH, and situation can be corrected quickly, it must be remedied before
the MATCH will start. If during a MATCH, FOUL. If during a MATCH and extended or repeated,
YELLOW CARD. If offense is via a ROBOT and the Head REFEREE determines that further
damage is likely to occur, offending ROBOT will be DISABLED. Corrective action (such as
eliminating sharp edges, removing the damaging MECHANISM, and/or re-Inspection) may be
required before the ROBOT will be allowed to compete in subsequent MATCHES.

GAME PIECES are expected to undergo a reasonable amount of wear
and tear as they are handled by ROBOTS, such as scratching or
marking. Gouging, tearing off pieces, or routinely marking GAME
PIECES are violations of this rule. Humans causing GAME PIECE wear
and tear, e.g. flattening FUEL, are subject to a CARD per Section 10.7
YELLOW and RED CARDS.

A ROBOT that has only unseated the TOUCHPAD dome has not
damaged the FIELD.

G16. Keep it together. ROBOTS may not intentionally detach or leave parts on the FIELD.
Violation: RED CARD
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G17.

G18.

G19.

G20.

7.5

This rule is not intended to penalize ROBOTS that encounter accidental
breakage (e.g. a failed MECHANISM that falls off), as those actions are
not intentional.

Opponent’s KEY: a no parking zone. AROBOT may not be in their opponent’s KEY for more
than five (5) seconds (if the ROBOT is breaking the plane of the line with BUMPERS, it is
considered in the KEY).

Violation: FOUL. For every five (5) seconds in which the situation is not corrected, FOUL.
One ROBOT per ROPE. No more than one (1) ROBOT may be fully supported by a ROPE.
Violation: RED CARD.

Only climb on deployed ROPES. A ROBOT may only pull on a ROPE if/fonce the ROPE is
supported only by the DAVIT, the carpet, the ROBOT, or any combination thereof.

Violation: RED CARD.

Let ‘em climb: don’t touch their ROPES. During the final thirty (30) seconds of a MATCH,
ROBOTS may not contact an opposing ALLIANCE’S ROPE.

Figure 7-3: Don't touch opponents' ROPES in the final thirty (30) seconds of the MATCH.

Ex. A: Ex. B: Ex. C:

Contact opponent’s ROPE, FOUL Contact opponent's ROPE, oppon- Contact opponent's ROPE, oppon-
ent contacts same ROPE, opponent ent contacts you, opponent gets a
gets a triggered TOUCHPAD. triggered TOUCHPAD.

Violation: FOUL. If an opposing ROBOT contacts the offending ROBOT or the ROPE, the opposing
ROBOT is considered to have triggered an un-triggered TOUCHPAD at the end of the MATCH.

GAME PIECE Interaction

G21.
G22.

G23.
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GAME PIECES: use as directed. ROBOTS may not deliberately use GAME PIECES, e.g.
GEARS, in an attempt to ease or amplify the challenge associated with other FIELD elements,
e.g. BOILERS, HOPPERS, or ROPES.

Violation: YELLOW CARD.

Keep GAME PIECES in bounds. ROBOTS may not intentionally eject GAME PIECES from the
FIELD other than through BOILERS.

Violation: FOUL. Repeated or extended violations of this rule are likely to escalate rapidly to
YELLOW or RED CARDS.

Shoot FUEL from your own LAUNCHPAD. A ROBOT may only LAUNCH FUEL while in their
LAUNCHPAD (i.e. at least breaking the plane of the line with BUMPERS).

¥ !




G24.
G25.

G26.

G27.

G28.
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For the purposes of FIRST® STEAMWORKSSM, LAUNCHING is defined
as shooting in the air, kicking or rolling across the floor with an active
mechanism, or throwing in a forceful way.

A ROBOT that has bumped FUEL has not LAUNCHED it.

Violation: FOUL. Repeated or extended violations of this rule are likely to escalate rapidly to
YELLOW or RED CARDS.

Don’t throw GEARS at all. AROBOT may not LAUNCH a GEAR.

Violation: YELLOW CARD.

AIRSHIPS run on steam, not FUEL. ROBOTS may not intentionally put FUEL in an AIRSHIP.
Violation: YELLOW CARD.

If you’re going to deliver GEARS, you have to use a LIFT. Any GEAR transferred to a PILOT
during the MATCH must be done so via a LIFT.

Violation: TECH FOUL and a YELLOW CARD.
One-GEAR limit. ROBOTS may not control more than one GEAR at a time.
Violation: FOUL. If strategic, TECH FOUL and YELLOW CARD.

Moving or positioning a GEAR to gain advantage is considered “control.”
Examples include, but are not limited to:

A. “carrying” (holding a GEAR inside a ROBOT)

B. “herding” (intentionally pushing a GEAR to a desired location or
direction)

C. “trapping” (holding a GEAR against a FIELD element in an attempt to
shield or guard it)

Examples of interaction with GEARS that are not “control” include, but

are not limited to:

A. “bulldozing” (inadvertent contact with GEARS while in the path of the
ROBOT moving about the FIELD)

B. “deflecting” (being hit by a GEAR that bounces into or off of a
ROBOT).

If a GEAR becomes lodged in or on a ROBOT, it will be considered
controlled by the ROBOT. It is important to design your ROBOT so that it
is impossible to inadvertently or unintentionally control more than the
allowed maximum.

Don’t use air to direct/redirect FUEL. ROBOTS may not use forced air to affect the movement
of FUEL that is outside the volume of the ROBOT.

Violation: RED CARD.
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7.6 AUTO Period Rules

AO1.

AO02.

AO03.

A04.

A05.

Behind the lines. During AUTO, DRIVE TEAM members in ALLIANCE STATIONS and
LOADING LANES may not contact anything in front of the STARTING LINES, unless for personal
or equipment safety.

Violation: FOUL.

Pointing, gesturing or otherwise extending across the STARTING LINE
such that contact is not made with carpet or other ARENA elements is
not a violation of this rule.

One example of an exception for equipment safety is if an OPERATOR
CONSOLE starts to slide from the PLAYER STATION shelf. In that
circumstance, DRIVE TEAM members may step forward to catch it and
return it. However, if an OPERATOR CONSOLE has already hit the
ground, the damage has already been done, and touching it before
TELEOP starts is not an exception for equipment safety.

During AUTO, let the ROBOT do its thing. During AUTO, DRIVE TEAMS may not directly or
indirectly interact with ROBOTS or OPERATOR CONSOLES unless for personal safety,
OPERATOR CONSOLE safety, or pressing an E-Stop for ROBOT safety.

Violation: FOUL and YELLOW CARD.

Disconnect or set down controllers. During AUTO, any control devices worn or held by the
DRIVERS and/or HUMAN PLAYERS must be disconnected from the OPERATOR CONSOLE.

Violation: FOUL.

Stay out of your opponent’s LAUNCHPAD. During AUTO, no part of a ROBOT'S BUMPERS
may enter their opponent’'s LAUNCHPAD.

Violation: FOUL. If contact is made with an opponent ROBOT in their LAUNCHPAD (either direct
contact or transitive contact through another object), TECH FOUL.

PILOTS: don’t take the “free” GEAR yet. During AUTO, PILOTS may not remove the reserve
GEAR from the slot in which it begins the MATCH.

Violation: TECH FOUL.

7.7 Human Action Rules

HO1.

HO2.

HO3.

PSOFIRST
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COACHES and other Teams: hands off the controls. A ROBOT shall be operated solely by
the DRIVERS and/or HUMAN PLAYERS of that Team.

Violation: Offending ROBOT will be DISABLED.

Exceptions may be made before a MATCH for major conflicts, e.g.
religious holidays, major testing, transportation issues, etc.

Wireless devices not allowed. During a MATCH, DRIVE TEAMS may not use electronic
devices which have the capability of receiving communications from persons outside of the
ARENA (e.g. cell phones or wearable technology).

Violation: YELLOW CARD.

Leave FIELD scoring elements alone. Teams may not interfere with any automated scoring
hardware.
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HO4.

HOS5.

HO6.

HO7.

HO8.

HO9.

H10.

H11.
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Violation: RED CARD for the ALLIANCE.

Examples of violations of this rule include, but are not limited to,
tampering with the sensors, putting anything but a GEAR in the GEAR
slot for ROTOR 1, blocking FUEL from exiting the BOILER, or attempting
to feed FUEL backwards through a BOILER.

By invitation only. Only DRIVE TEAMS for the current MATCH are allowed in their respective
ALLIANCE STATIONS, LOADING LANES, and AIRSHIPS.

Violation: MATCH will not start until the situation is corrected.

Identify yourself. DRIVE TEAMS must wear proper identification while in the ARENA. Proper
identification consists of:

A. All DRIVE TEAM members wearing their designated buttons above the waist in a
clearly visible location at all times while in the ARENA.

i.  The COACH wearing the "Coach" labeled drive team button
ii. The DRIVERS and HUMAN PLAYERS each wearing a DRIVE TEAM button

B. During a Playoff MATCH, the ALLIANCE CAPTAIN clearly displaying the designated
ALLIANCE CAPTAIN identifier (e.g. hat or armband).

Violation: MATCH will not start until the situation is corrected. Those not displaying identification
must leave the ARENA.

COACHES, no GAME PIECES. COACHES may not touch GEARS or FUEL unless for safety
purposes.

Violation: FOUL.

No wandering. DRIVE TEAM members may not contact anything outside the zone in which they
started the MATCH (e.g. the AIRSHIP, LOADING LANE, or ALLIANCE STATION) during the
MATCH. Exceptions will be granted for inadvertent, momentary, and inconsequential infractions
and in cases concerning safety.

Violation: FOUL. If strategic, RED CARD.

GAME PIECES through LOADING STATIONS only. ALLIANCES may only deliberately cause
GAME PIECES to leave an ALLIANCE STATION or LOADING LANE

A. during TELEOP,

B. by a HUMAN PLAYER or DRIVER, and

C. through a LOADING STATION slot.
Violation: FOUL per GAME PIECE. If strategic, RED CARD.
PILOTS, keep the GEARS. PILOTS may not throw GEARS from the AIRSHIP.
Violation: RED CARD.

Accidently dropping a GEAR is not a violation of HO9.

GEARS stay installed. Once a ROTOR is started, the PILOT may not remove any GEARS used
to start it.

Violation: RED CARD.

Don’t release ROPES early. PILOTS may not deploy ROPES (i.e. cause a ROPE to extend
below the deck of the AIRSHIP) until there are 30 or fewer seconds left in the MATCH.
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The ARENA will sound an alert when thirty (30) seconds remain in
TELEOP.

H12. You can’t bring/use anything you want. The only equipment that may be brought to the
ARENA and used by DRIVE TEAMS during a MATCH is listed below. Regardless if equipment
fits criteria below, it may not be employed in a way that breaks any other rules, blocks visibility for
FIELD STAFF or audience members, or jams or interferes with the remote sensing capabilities of
another Team, including vision systems, acoustic range finders, sonars, infrared proximity

detectors, etc. (e.g. including imagery that, to a reasonably astute observer, mimics the Vision
Guides).

the OPERATOR CONSOLE,

BANNERS and devices, if needed, to assist placement in the BANNER Holder,
non-powered signaling devices,

reasonable decorative items,

special clothing and/or equipment required due to a disability

nmmoow>»

devices used solely for the purpose of planning or tracking strategy provided they
meet all of the following conditions:

i. do not connect or attach to the OPERATOR CONSOLE
ii. do not connect or attach to the FIELD or ARENA
iil. do not connect or attach to another ALLIANCE member
iv. do not communicate with anything or anyone outside of the ARENA.

v. do notinclude any form of enabled wireless electronic communication (e.qg.
radios, walkie-talkies, cell phones, Bluetooth communications, Wi-Fi, etc.)

Vi. do not in any way affect the outcome of a MATCH, other than by allowing
PLAYERS to plan or track strategy for the purposes of communication of that
strategy to other ALLIANCE members.

G. non-powered Personal Protective Equipment (examples include, but aren’t limited to,
gloves, eye protection, and hearing protection)

Violation: MATCH will not start until situation remedied. If discovered or used inappropriately
during a MATCH, TECH FOUL.

H13. FUEL overboard? Only out the PORT. In a circumstance where FUEL gets in an AIRSHIP, the
only way a PILOT may remove it is by dropping it through the PORT.

Violation: FOUL per FUEL.

H14. You have to use the CRANK. PILOTS may only start ROTORS 2, 3, and 4 by turning the
CRANK installed in the first GEAR in the set.

Violation: YELLOW CARD.
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H15.  Seriously, GEARS stay installed. A pre-populated GEAR may not be removed from its AXLE.
Violation: RED CARD.
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8 ROBOT Rules

This section of the 2017 FIRST® Robotics Competition Game Manual presents legislation relevant to the
construction of a 2017 FIRST Robotics Competition ROBOT. ROBOTS must pass Inspection at each
FIRST Robotics Competition event to confirm compliance before being allowed to compete, per Section 9
Eligibility & Inspection.

8.1 Overview

The rules listed below explicitly address legal parts and materials and how those parts and materials may
be used on a 2017 ROBOT. There are many reasons for the structure of the rules, including safety,
reliability, parity, creation of a reasonable design challenge, adherence to professional standards, impact
on the competition, and compatibility with the Kit of Parts (KOP), which is the collection of items listed on
any Kickoff Kit Checklists, distributed via FIRST® Choice, or paid for completely, except shipping, with a
Product Donation Voucher (PDV).

Another intent of these rules is to have all energy sources and active actuation systems on the ROBOT
(e.g. batteries, compressors, motors, servos, cylinders, and their controllers) drawn from a well-defined
set of options. This is to ensure that all Teams have access to the same actuation resources and that the
Inspectors are able to accurately assess the legality of a given part.

ROBOTS are made up of COMPONENTS and MECHANISMS. A COMPONENT is any part in its most
basic configuration, which cannot be disassembled without damaging or destroying the part or altering its
fundamental function. A MECHANISM is a COTS or custom assembly of COMPONENTS that provide
specific functionality on the ROBOT. A MECHANISM can be disassembled (and then reassembled) into
individual COMPONENTS without damage to the parts.

Many rules in this section reference Commercial-Off-The-Shelf (COTS) items. A COTS item must be a
standard (i.e. not custom order) part commonly available from a VENDOR for all Teams for purchase. To
be a COTS item, the COMPONENT or MECHANISM must be in an unaltered, unmodified state. Items
that are no longer commercially available but are functionally equivalent to the original condition as
delivered from the VENDOR are considered COTS and may be used.

e Example 1. A Team orders two (2) ROBOT grippers from
RoboHands Corp. and receives both items. They put one in their
storeroom and plan to use it later. Into the other, they drill “lightening
holes” to reduce weight. The first gripper is still classified as a COTS
item, but the second gripper is now a FABRICATED ITEM, as it has
been modified.

e Example 2: A Team obtains openly available blueprints of a drive
module commonly available from Wheels-R-Us Inc. and has local
machine shop “We-Make-It, Inc.” manufacture a copy of the part for
them. The produced part is NOT a COTS item, because it is not
commonly carried as part of the standard stock of We-Make-It, Inc.

e Example 3: A Team obtains openly available design drawings from a
professional publication during the pre-season, and uses them to
fabricate a gearbox for their ROBOT during the build period following
Kickoff. The design drawings are considered a COTS item, and may
be used as “raw material” to fabricate the gearbox. The finished
gearbox itself would be a FABRICATED ITEM, and not a COTS item.
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e Example 4: A COTS part that has non-functional label markings
added would still be considered a COTS part, but a COTS part that
has device-specific mounting holes added is a FABRICATED ITEM.

e Example 5: A team has a COTS single-board processor version 1.0,
which can no longer be purchased. Only the COTS single-board
processor version 2.0 may be purchased. If the COTS single-board
processor version 1.0 is functionally equivalent to its original
condition, it may be used.

e Example 6: A team has a COTS gearbox which has been
discontinued. If the COTS gearbox is functionally equivalent to its
original condition, it may be used.

A VENDOR is a legitimate business source for COTS items that satisfies all of the following criteria:

A. has a Federal Tax Identification number. In cases where the VENDOR is outside of
the United States, they must possess an equivalent form of registration or license
with the government of their home nation that establishes and validates their status
as a legitimate business licensed to operate within that country.

B. is not a “wholly owned subsidiary” of a FIRST Robotics Competition Team or
collection of Teams. While there may be some individuals affiliated with both a Team
and the VENDOR, the business and activities of the Team and VENDOR must be
completely separable.

C. must be able to ship any general (i.e., non-FIRST unique) product within five
business days of receiving a valid purchase request. It is recognized that certain
unusual circumstances (such as 1,000 FIRST Teams all ordering the same part at
once from the same VENDOR) may cause atypical delays in shipping due to
backorders for even the largest VENDORSs. Such delays due to higher-than-normal
order rates are excused.

D. should maintain sufficient stock or production capability to fill Teams’ orders within a
reasonable period during the season (less than 1 week). (Note that this criterion may
not apply to custom-built items from a source that is both a VENDOR and a
fabricator. For example, a VENDOR may sell flexible belting that the Team wishes to
procure to use as treads on their drive system. The VENDOR cuts the belting to a
custom length from standard shelf stock that is typically available, welds it into a loop
to make a tread, and ships it to a Team. The fabrication of the tread takes the
VENDOR two weeks. This would be considered a FABRICATED ITEM, and the two-
week ship time is acceptable.) Alternately, the Team may decide to fabricate the
treads themselves. To satisfy this criterion, the VENDOR would just have to ship a
length of belting from shelf stock (i.e. a COTS item) to the Team within five business
days and leave the welding of the cuts to the Team.)

E. makes their products available to all FIRST Robotics Competition Teams. VENDOR
must not limit supply or make a product available to just a limited number of FIRST
Robotics Competition Teams.

The intent of this definition it to be as inclusive as possible to permit
access to all legitimate sources, while preventing ad hoc organizations
from providing special-purpose products to a limited subset of Teams in
an attempt to circumvent the cost accounting rules.
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FIRST desires to permit Teams to have the broadest choice of legitimate
sources possible, and to obtain COTS items from the sources that
provide them with the best prices and level of service available. Teams
also need to protect against long delays in availability of parts that will
impact their ability to complete their ROBOT. The build season is brief,
so the VENDOR must be able to get their product, particularly FIRST
unique items, to a Team in a timely manner.

Ideally, chosen VENDORS should have national distributors (e.g. Home
Depot, Lowes, MSC, Radio Shack, McMaster-Catrr, etc.). Remember,
FIRST Robotics Competition events are not always near home — when
parts falil, local access to replacement materials is often critical.

A FABRICATED ITEM is any COMPONENT or MECHANISM that has been altered, built, cast,
constructed, concocted, created, cut, heat treated, machined, manufactured, modified, painted, produced,
surface coated, or conjured partially or completely into the final form in which it will be used on the
ROBOT.

Note that it is possible for an item (typically raw materials) to be neither
COTS nor a FABRICATED ITEM. For example, a 20 ft. length of
aluminum which has been cut into 5 ft. (~152 cm) pieces by the Team for
storage or transport is neither COTS (it's not in the state received from
the VENDOR), nor a FABRICATED ITEM (the cuts were not made to
advance the part towards its final form on the ROBOT).

Teams may be asked to provide documentation proving legality of non-2017 KOP items during Inspection
where a Rule specifies limits for a legal part (e.g. pneumatic items, current limits, COTS electronics, etc.).

Some of these rules make use of English unit requirements for parts. If your team has a question about a
metric-equivalent part’s legality, please e-mail your question to frcparts@firstinspires.org for an official
ruling. To seek approval for alternate devices for inclusion in future FIRST Robotic Competition seasons,
please contact frcparts@firstinspires.org with item specifications.

Teams should acknowledge the support provided by the corporate Sponsors and Mentors with an
appropriate display of their school and Sponsors names and/or logos (or the name of the supporting
youth organization, if appropriate).

FIRST Robotics Competition can be a full-contact competition and may include rigorous game play. While
the rules aim to limit severe damage to ROBOTS, Teams should design their ROBOTS to be robust.

8.2 General ROBOT Design

RO1. The ROBOT (excluding BUMPERS) must have a FRAME PERIMETER, contained within the
BUMPER ZONE, that is comprised of fixed, non-articulated structural elements of the ROBOT.
Minor protrusions no greater than % in. (~6.3 mm) such as bolt heads, fastener ends, weld
beads, and rivets are not considered part of the FRAME PERIMETER.

To determine the FRAME PERIMETER, wrap a piece of string around
the ROBOT (excluding BUMPERS) at the BUMPER ZONE described in
R23 and pull it taut. The string describes this polygon.

Example: A ROBOT'’s chassis is shaped like the letter ‘V’, with a large
gap between chassis elements on the front of the ROBOT. When
wrapping a taut string around this chassis, the string extends across the
gap and the resulting FRAME PERIMETER is a triangle with three sides.
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Note: to permit a simplified definition of the FRAME PERIMETER and
encourage a tight, robust connection between the BUMPERS and the
FRAME PERIMETER, minor protrusions such as bolt heads, fastener
ends, rivets, etc. are excluded from the determination of the FRAME
PERIMETER.

R0O2. Inthe STARTING CONFIGURATION (the physical configuration in which a ROBOT starts a
MATCH), no part of the ROBOT shall extend outside the vertical projection of the FRAME
PERIMETER, with the exception of its BUMPERS and minor protrusions such as bolt heads,
fastener ends, rivets, etc.

If a ROBOT is designed as intended and each side is pushed up against
a vertical wall (in STARTING CONFIGURATION and with BUMPERS
removed), only the FRAME PERIMETER (or minor protrusions) will be in
contact with the wall.

R03. Maximum ROBOT size, including BUMPERS and all extensions, must be constrained to one of
two volumes:

A. 36in. by 40 in. by 24 in. tall (~91 cm by 101 cm by 60 cm tall).
B. 30in. by 32in. by 36 in. tall (~76 cm by 81 cm by 91 cm tall).

The ROBOT must remain constrained to the maximum inspected volume at all times during the
MATCH (i.e. AROBOT may not switch between volume A and volume B without being re-
inspected)