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1 Introduction

1.1 AboutFIRST®

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

FIRST provides four programs:

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

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

1 FIRST® LEGO® League for grades 4-8, ages 9-14 (ages 9-16 outside of North America)
1 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 MindE 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 tanaonk skills, rardihudldand phogrameROBOTS to perform

prescribed tasks againstafieldofc ompet i t or s . | t-Wwer lacdo cd rogiend eor ififrggads a
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.

Thisyear 8ds game was pr [EIRSF Rdbatics Canpetitioh Isickdtf @rilSaturday, January
7,2017.

At the Kickoff, all teams:

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

1.3 Gracious ProfessionalfsmFIRST® Credo

Gracious Professionalism® is part of the ethos of FIRST. ltds a way of doing things t
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:

1 Gracious attitudes and behaviors are win-win

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

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

1 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:

1 Learn to be strong competitors, but also treat one another with respect and kindness in the
process
1 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.

A T HFERST 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 §8
makes FIRSTdi f f er ent a njd

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 Coopertitich

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.

fPerforming 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
DSOFIRST n
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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
agai n, é/ake youreéstaddmother proud.6 0

1.5 This Document andt$ 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:

A general overview of the FIRST STEAMWORKS game

Detail about the FIRST STEAMWORKS playing field

Description of how to play the FIRST STEAMWORKS game

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

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

E I

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

ireal |l ife.0 There are no hidden requirements or restr]|
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 AS, 0 ga
specific rules use this scheme ( e . 3010 fi s t h e Séciion 5 Safety Rule®. i n

Section 1 Introduction
DSOFIRST n
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Warnings, cautions and notes appear in blue boxes. Pay close attention
to their contents as theyére intepded to provid
behind a rule, helpful information on understanding or interpreting a rule,
and/ or possi bl doruséwhentimplpmeatiog systerass 0
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)0
and A6 f t .cm)4.Métrio convérsichsQirBrules 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 arendt generally season specific (
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 TeamUpdates

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:

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

Section 1 Introduction
PSOFIRST it
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1 Deletions are indicated with a stnkethrough This-is-an-example:
1 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 Answ@&ystem

Questions about any 2017 Game and Season Manual content may be asked to FIRST using the
official Question and Answer System (i . e . Afgtyhieh og@@s 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
DSOFIRST n
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2 FIRSY STEAMWORKSOverview

FIRST® STEAMWORKSSM, the 2017 FIRSTPRoboti cs Competition game, invites
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 1 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 theirropest o si gnal that theydre ready for

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 T 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.

MF'RST Section %/f)verview
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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
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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

APl afi @algd Det aithessRSTESHEAMNORKS Gfme & Season Materials web page.

MF'RST Secuor{/izARENA
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3.1 Zones andMarkings

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

1 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.

1 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.

1 KEY: aninfinitely tall volume inthe ALLIT ANCEO6 S L AbbuNdeddy thédALLIANCE
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.

Section 3 ARENA
DSOFIRST
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1 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.

1 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.

1 LOADING LANE: an area bounded by and including ALLIANCE colored tape, edge of the
carpet, the RETURN BIN Table,and t he oALpANCE WALL.s

1 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.

1 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

I 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 Secuor{/izARENA
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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,
iScotch Pineod).

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 Sectiorl/izARENA
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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

Barrier

MF’RST Sectiorl/izARENA
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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
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3.4.2 GEARSets

ROTOR 1
(GEAR not shown)

ROTOR 2

Pre-Populated

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 O-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. Prepopulated GEARS are marked with
ALLIANCE color gaff tape. 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.

Section 3 ARENA
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Figure 3-12: Reserve GEAR location

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.

Section 3 ARENA
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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 1E in. (~3 cm) wide. It is constructed from
O-in. (nominal) diameter extension spring (McMaster P/N: 9664K68 or Century Spring P/N: E-41). A PVC
ring, centered on and mounted to the lower rung of the AIRSHIP rail as show in Figure 3-15, loosely holds
the pull cord and prevents the LIFT handle from falling out the PORT.

Figure 3-15: Reserve GEAR location

PVC Ring

(3 places)

Section 3 ARENA
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Figure 3-16: 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 3-17: Barrier geometry

4-3/4in.

6-1/4in. 1

2ft.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 onthe deck. Iti s A f i |STEAM®IPR thahoriginates at the BOILERS. Lights
indicate the pressure, in kiloPascals (kPa),t h at 6 gendératee hy 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. For every five (5) kPa of pressure generated, a row of LEDs illuminates in

the ALLI ANCE®&S color. For exampl e, i f tahtte bdereigtL Ll ANCE
(8) rows of LEDs are red. If the Blue ALLIANCE generates ten (10) kPa, the bottom two (2) rows are blue.

Section 3 ARENA
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Figure 3-18: 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 wire locking retaining pin (McMaster P/N: 98416A009 or similar). The ROPE passes
through the fingers with the top knot on the AIRSHIP side of the fingers.

Figure 3-19: DAVIT location and geometry

11in.

Fingers

Poorly Modeled Knot

Note: TOUCHPAD hidden for clarity

Section 3 ARENA
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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 t hey donodt
expect default FIELD ROPES installed. These default ROPES are three (3), 1 in. (nominal) thick by 7 ft. 2
in.(~218cm)longp ol ypr o py la@ n € RFPEMfrom Knot and Rope Supply, SKU 0162. Each
default ROPE is knotted atthetop,such t hat thereds at | east 7 ft. 2 in.
Figure 3-19), fused at the bottom, suspended from a notch at the end of each DAVIT, and stowed using

the ROPE retention strap and loop pad (as described in GE-17025) 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 $etention strap to deploy the ROPE.

, they

Figure 3-20: FIELD ROPE Anatomy

r Retaining Feature

. < =7 ft. 2 in. .

3.9 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 3-21: TOUCHPAD geometry

4 ft.

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 dnénimally displaced by ¥z in. (~1 cm),

Section 3 ARENA
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The force required to activate the TOUCHPAD (i.e. push the TOUCHPAD plate up by approximately %2 in.
(~1.3 cm), causing activation of one or more of its microswitches) is no more than 1 Ib. (~%2 kg).

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).

While a force |l ess than 75 I bs (~34 kg) applied to the
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 wishtoconsidera r easonabl e fAsafety|factoro 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 3-22 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
theplatepr essed all the way up). The DAVITO6S steel channel

Figure 3-22 Unactuated TOUCHPAD (left) and fully displaced TOUCHPAD plate (right)

Figure 3-23 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
Afrmaa@dy for t akeof fTableptd.iAnotivasongiregreenmmeat all icriteria and credit the
ALLIANCE with associated points.
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Figure 3-23: TOUCHPAD activation examples.

1sec

T (sec) -2 -1 0 1 2
During MATCH Post-MATCH

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 ALLIANCEG 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 3-24: TOUCHPAD dome

3.10HOPPERS

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%z 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% 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 3-25: HOPPER locations
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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. e 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 3-26: HOPPER geometry

2ft. . 2ft. 1ft.
sin. [ 21/2in. TO/AINn. T g sgin -
g * . I_I

i

1

- L 1ft.
T 10in. | 10in.
B 2 ft.
1ft. 3in. 5/8in.
| 1
|
2in. Door Door

Opened Closed
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3.11ALLIANCE 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.

Figure 3-27: ALLIANCE WALL COMPONENTS

PLAYER STATIONS (3)

A

Return LOADING
STATION BANNER Holder

Overflow LOADING
STATION

3.11.1 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 TEAM6 ®PERATOR 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-l oop tape (Al oopd side) along the center of
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 3-28: BANNER holder

BANNER Holder

S

Each PLAYER STATION contains the following electronic components for Teams:

f
f

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
o r during aMATCH 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
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3.11.2 OverflowLOADING STATION
An Overflow LOADING STATION is located two (2) PLAYER STATIONS away from each BOILER.

Figure 3-29: 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. (~61 cm) wide, 3 ft. (~91 cm) long, and mounted at a 72
deg. angle. The top of the shelf is 3 ft. 7E in. (~110 cm) from the carpet.

Figure 3-30: Overflow LOADING STATION geometry

72°

T " ,j
. [l

3ft. 3 ft. 7-3/8in.
2ft.1in.
2 ft. 1in. }* 2-1/2in.
2ft.6in. {
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3.11.3 ReturnLOADING STATION S

Return LOADING STATIONS are located in each of the two (2) corners of the FIELD opposite the
BOILERS.

Figure 3-31: 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, 1E 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. 7E in. (~110 cm) from the carpet. Each shelf has a slot through which to pass
GEARS.

Figure 3-32: Return LOADING STATION geometry

4# 6 ft. 3-1/2in.
F- 1-3/8in.

2 ft. — ) 720
7-1/2 in. l . - 6ft.6in. M/

3ft. | 3ft.7-3/8in.
: ! o
2ft. 1in. j
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3.11.4BOILER

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. 1lin.
(~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
Recycl e tdResand é&ne (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 3-33: BOILER geometry

- 4ft.6-3/4in. 41t 10in. —
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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).

FIRST instructs FTAs to test BOILER counting by dumping forty (40)
FUEL into each High and Low Efficiency GOAL and noting the count

Section 3 ARENA
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logged by the FMS three times before MATCHES begin each day. The
BOILER is operating as expected if the counts in each batch are 40 +/-1.

3.11.5 RETURN & OVERFLOWBINS

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 3-34: RETURN and OVERFLOW BINS

RETURN BIN

OVERFLOW BIN

3.11.6 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 2E 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.

MF’RST Sectiorl/izARENA
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STEAM PIPE
(highlighted yellow
for clarity)

3.12GAME PIECES

3.12.1 FUEL

FUEL is used to generate steam for the AIRSHIP and is represented by fis ¢ r e a neilow,05 inY
(nominal) diameter Gopher ResisDe nt E p o | v e i (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 3-36: 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 3-37: GEAR

Section 3 ARENA
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3.13Vision 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 3-38: 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 3-39: LIFT peg vision target dimensions

10-1/4in.

10-3/4 in.

Peg Highlighted for Clarity

3.14The 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

Section 3 ARENA
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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.

DSOFIRST
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4 MATCHPlay

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.

1 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 ALLIANCE6 S s cor e.

1 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 ROBOTSthats i gni fy that t heydatcingongathey f or t ak e
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.

TELEORP 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:

1 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) plus or minus four (4) in each HOPPER (i.e. fifty (50) plus or
minus two (2) in each HOPPER container)

MF’RST Section 4 \I\;I4ATCH Play
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1 GEARS

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 (as described in Section 3.4.2)
Figure 4-1: GAME PIECE staging

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

I 4 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.

ASupport o, i n-loadedGAME RIECES, is trangitivee

through other GAME Pl ECES. For expmple, a FUEL
by the ROBOTcgontcfpoflaGEARsahatnsms;utmoma

ROBOT (and t hu both GAME PIECES hre fAfully sup
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
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ALLIANCE and in order of PLAYER STATION assigned (i.e. Red Station 1 ROBOT, Blue Station 1
ROBOT, Red Station 2 ROBOT, Blue Station 2 ROBOTé R e &tation 1 ROPE, Blue Station 1 ROPE,
Red Station 2 ROPEé) .

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 ALLIANCES 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)kPaand t heyodre aMAACGHpeird. a si xth
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AUTO
mobility

Pressure
accumulation

ROTOR
engagement

Ready for
Takeoff

Win

Tie
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Table 4-1: FIRST STEAMWORKS rewards

MATCH Points

Criteria
AUTO TELEOP
For each ROBOT that breaks the BASE LINE 5
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
For every nine (9) FUEL counted in the Low
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
(Playoffs
pressure of 40 kPa
only)
For each ROTOR turningby p esT=@ d 6 60 40
thatds not previously
100
If all four (4) ROTORS turning by T=0 (Playoffs
only)
For each TOUCHPAD triggered by a ROBOT 50

at T=0
ALLIANCE6 s f i nal score ex
opponent sb

ALLIANCE6 s final score eq
opponents?®d

Ranking
Points

(Quals
only)

(Quals
only)

2
(Quals

only)
1

(Quals
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.

DSOFIRST

FUEL contributes to an ALLIANCE® Pressure and MATCH score only
once it is counted, which occurs after it® loaded in a BOILER. The
BOILER® $ate 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 5points credited towards the oppol

TECH FOUL 25points credited towards the oppo
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
COACH resp_onsible for_ acting as 1 9 Pre-college student or adult mentor
a guide or advisor 9 Must wear fiCoachobutton
responsible for operating
DRIVER and controlling the 4
ROBOT
HUMAN  responsible for managing 4 1 Pre-college student
PLAYER GAME PIECES 9 Must wear one (1) of the four (4) A Dr i
responsible for installing T e a touitons
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 AL L | A N EIEGTS.
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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) arbgthecAhlMANCHIRthesghceh@woocepikd 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.

Once the MATCH is over, if the Head REFEREE determines that the FIELD is safe for FIELD Staff but
not safe for everyone (e.g. the FIELD is littered with FUEL that may cause a tripping hazard for a DRIVE
TEAM carrying a ROBOT), they will turn the LED strings purple. Once the FIELD is ready for regular
traffic, the Head REFEREE will change the LED strings to green and DRIVE TEAMS may retrieve their
ROBOT in accordance with S04.
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5 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.

DSOFIRST

Safety glasses: required. All event attendees must wear ANSI-approved, UL Listed, CE EN166
rated, AS/NZS, 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 |&eVE Nide

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

Violation: Attendee must immediately remedy or |&eVENlide

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 f#ffl aiFIELDhgo outside ¢f the
C. ROBOTS dragging their battery

D. ROBOTS that consistently extend beyond the FIELD

Violation: If before tHATCHthe offending@OBOTwill not be allowed to participate in the
MATCHIf during theIATCHthe offendin@OBOTwill 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, and PILOTS may only exit the AIRSHIP if
the LED strings are green, unless explicitly instructed by a REFEREE or an FTA.

ViolationYELLOW 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: OffendiRg®BOTwill 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.

Section 5 Safety Rules
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S07.

S08.
S09.
S10.
S11.

S12.
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ViolationYELLOW CARD

Keep your limbs safe at all times. During the MATCH, the PILOT may neither
A. contact ROTORS,
B. contact DAVITS,

C. reach outside any PORT (except for incidental and brief excursions outside the port
and above the deck, required to manipulate the carriage assembly), nor

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

Reaching outside a port to retrieve a GEAR is a violation of S07-C, as
retrieving a GEAR is not manipulating the carriage assembly.

Reaching outside a port to untangle a pull handle or pull cord is not a
violation of S07-C, as those elements are part of the carriage assembly.

ViolationYELLOWCARD

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.

ViolationEFOUL.

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

ViolationYELLOW 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 warningpdx¢ed violations will be addressed by dtdRHFEREFEthe Lead
ROBOTnspector and/or Event Management.

If wireless on Practice Field, use FIRST6 s r & dperating wirelessly on the Practice FIELD,
ROBOTS must use the provided Practice Field radio for communication.

Violation: Verbal warning. Repeated violations will be addressed®R EfRFEREFEthe Lead
ROBOTnspector and/or Event Management.

Climbf acing the | adder , PILQOTS mayomytnter and exit thet AERSHIPR .
under the following criteria:

A. amember of the FIELD STAFF has released the ladder,
B. one rung at a time (though bottom rung may be skipped), and
C. facing your AIRSHIP.

Note that PILOTS exiting the AIRSHIP if the LED strings are purple is a
violation of S04.

Violation: Verbal warniigumped off AIRSHIP, YELLOW CR&i2ated violations will be
addressed by the&dREFEREFEthe LeadROBOTnspector and/or Event Management.
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