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KICKOFF

WE SPENT DAY 1 WATCHING KICKOFF AND THEN SPLITTING UP INTO SMALL
GROUPS. THE MAIN GOAL FOR THESE GROUPS WAS TO ANALYZE THE GAME
RULES, GUIDELINES, FIELD LAYOUT AND SCORING. AFTER 2 HOURS WE MET UP
AGAIN AS A TEAM, DISCUSSED OUR FINDINGS OF THE GAME MANUAL AND

DEVELOPED STRATEGIC SCORING IMPERATIVES.
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GAME PIECE
ANALYSIS

ONE OF THE FIRST
CHALLENGES WE TACKLED
WAS EXPLORING THE
GEOMETRY OF THE GAME
PIECES TO INFORM OUR FIRST
THOUGHTS ABOUT
MANIPULATING THESE

ELEMENTS.

OUR FINDINGS: THIS YEAR PRESENTED

A INTERESTING CHALLENGE. THE
OVERALL GAME SEEMED PRETTY
SIMPLE BUT WHEN IT CAME TO TAKING
AND PLACING BOTH GAME PIECES IT
BECAME A BIGGER CHALLENGE. THE
CUBES AND CONES DID HAVE ONE
COMMON CHARACTERISTIC THOUGH;
BOTH HAD A SQUARE FACE OF

APPROXIMATELY THE SAME

DIMENSIONS.
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ROBOT REQUIREMENTS

BEFORE BUILDING ANYTHING WE
STARTED OFF WITH A DISCUSSION ABOUT
WHAT THE ROBOT NEEDED TO COMPLETE
EVERY TASK IN THIS YEAR'S GAME
CHALLENGE. WE CAME UP WITH A
COUPLE OF KEY MECHANICAL
COMPONENTS FOR THE ROBOT; DRIVE,
INTAKE / GRABBER, GAME PIECE

TRANSFER MECHANISM (REORIENTATION

MATRIX), ARM, AND ABILITY TO MOUNT

THE CHARGING STATION.

CLIMB UP SIDE
PROTOTYPING

WE DECIDED TO START WITH THE MOST

OBVIOUS REQUIREMENT FOR THIS
YEAR'S ROBOT, THE ABILITY TO MOUNT
THE CHARGE STATION EFFECTIVELY,
WITHOUT TAKING UP TOO MUCH SPACE.
THIS WOULD ALLOW US TO FACILITATE
A THREE ROBOT END GAME. THIS CAME
DOWN TO TWO THINGS; ROBOT
DIMENSIONS OR ANOTHER SYSTEM TO
TAKE UP EVEN LESS SPACE. WE

STARTED BY EXPLORING A SYSTEM TO

CLIMB UP THE SIDE OF THE CHARGE
STATION BECAUSE WE FELT IT WOULD
DETERMINE OUR DRIVE BASE

DIMENSIONS. 5
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WE HAD ALREADY STUCK TO THE

DECISION OF USING SWERVE DRIVE e
BASED ON PRELIMINARY GAME Vith indent
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CUTOUT.

ONCE THE PROTOTYPING WAS OVER WE CAME
UP WITH A PRETTY SOLID IDEA OF WHAT THE
DRIVE BASE HAD TO LOOK LIKE TO ALLOW FOR
THIS SIDE CLIMB. WE MADE 2D MODELS TO
SHOW THIS. Now, WE HAD TO FIGURE OUT
HOW IT WOULD ACTUALLY STAY ON THE
CHARGE STATION. TO DO THIS, WE EXPLORED

USING A WEDGE ON THE EDGE OF THE CUTOUT

SO THAT WHEN IT DROVE UP IT WOULD GET

STUCK JUST ABOVE THE GROUND.

ANOTHER BUILD BRANCH WAS
SIMULTANEOUSLY WORKING
ON THE REQUIREMENTS FOR
THE ARM TO HELP PULL THE
ROBOT OVER THE CHARGE
STATION WITH THIS CUTOUT.
TO DO THIS THEY FIRST

FIGURED OUT CERTAIN

CONSTRAINTS USING THE TEST

DRIVE BASE AS A MODEL.
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PROS CONS
= TOOK UP LESS THAN HALF = NEW DRIVE BASE GEOMETRY
THE ROBOTS SIZE WHEN + ADDITIONAL ARM.
CHARGING. =~ HEAVIER.
= NOT RELY ON TEAM FOR =~ GAP NEEDED IN ROBOT FRAME
SUCCESSFUL CHARGE. AND BUMPER, WEAK POINT.

RESULT: THE IDEA WAS THERE, BUT WE HAD ALREADY SPENT THE FIRST 2 WEEKS
ON THIS IDEA AND NEEDED TO FOCUS ON MORE PRESSING MATTERS. WE DECIDED
TO BENCH THIS IDEA FOR DUE TO ITS LACK OF URGENCY, AND SWITCHED TO MORE

IMPORTANT MECHANICAL ASPECTS OF THE ROBOT.

GRABBER PROTOTYPING

V1 GRABBER:

REQUIREMENTS:
- GRAB BOTH CONE + CUBE
- LIGHTWEIGHT
- SIMPLE (MORE ROBUST AND
FIXABLE)

- COULD ALIGN GAME PIECE?

DESIGN: THE INITIAL DESIGN WAS A
3D PRINTED PIECE WITH A PISTON
ATTACHED TO A C-CHANNEL TRACK.
THIS IDEA SEEMED TO WORK BUT A

MORE SOLID PROTOTYPE WITH LESS

FRICTION WAS NEEDED TO DECIDE.
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V2 GRABBER:

C CHANNEL WITH CUTOUTS, PISTON
OPENS AND CLOSES TWO LINKAGES. ON
THE EDGE OF THESE PIECES OF SHAFT, A
BEARING ATTACHED TO A WHEEL,
ALLOWING FOR THE GAME PIECE TO MOVE
FREELY. (SINCE IN THE GAME PIECE
ANALYSIS WE SAW THE CONE WAS
NATURALLY BOTTOM HEAVY WE COULD
USE GRAVITY TO OUR ADVANTAGE) THIS

WAS TESTED BUT STILL HAD SOME MINOR

FLAWS.

V3 GRABBER

THE C CHANNEL WAS SWITCHED TO
80-20, ALLOWING THE GRABBER TO
OPEN AND CLOSE MORE SMOOTHLY.
ALSO EACH ARM NOW HAD ITS OWN
PISTON FOR MORE STRENGTH IN
THE GRAB. THIS WAS AN
IMPROVEMENT VERSUS THE V1
LOSING STRENGTH BECAUSE THE
PISTON WAS BEING CONNECTED TO
A LINKAGE, CAUSING SOME OF THE
FORCE TO BE LOST. THIS GRABBER

WAS TESTED AND SEEMED VERY

PROMISING. IT WAS GRABBING
GREAT BUT WAS A LITTLE TOO

HEAVY. 8
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V4 GRABBER

THE 80-20 WAS REPLACED BY A
LIGHTWEIGHT PIECE OF BOX TUBE.
TO KEEP THIS EFFICIENTLY
SLIDING, THE BOX WAS HELD BY A
3D PRINTED PIECE WITH
CLEARANCE FOR SMOOTH SLIDING.
THE PADDLES WHERE ALSO
CHANGED FROM WHEELS TO
SORBOTHANE PADS. THIS WAS
BECAUSE THE WHEELS TOOK UP TOO

MUCH SPACE AND DID NOT HAVE AS

MUCH GRIPPING POWER.

CONCLUSION:

OVER THE DEVELOPMENT OF THE GRIPPER, THERE WERE A FEW MAIN
FACTORS WE WISHED TO OPTIMIZE, SUCH AS WEIGHT, ROBUSTNESS, GRIP
STRENGTH, AND CONSISTENCY. WEIGHT WAS A MAJOR CONSTRAINT AS WE

DIDN’T WANT SOMETHING HEAVY AT THE END OF A LONG ARM. WE HAD
MANY ITERATIONS, AND IT WAS THE PART WHOSE DEVELOPMENT BEGAN
THE EARLIEST AND STILL ENDED UP ON THE FINAL ROBOT. IN THE
BEGINNING, WE WERE JUST TRYING TO EXECUTE SOME CONCEPT OF A
LINEARLY ACTUATING GRIPPER WITH PASSIVELY ROTATING WHEELS ON
THE END, BUT AS WE WORKED MORE AND MORE ON IT, THE DESIGN
BECAME MORE AND MORE INTENTIONAL UNTIL IT BECAME THE POLISHED

FINAL VERSION WE COMPETED WITH DURING OUR FIRST COMPETITION.
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INTAKE PROTOTYPING

THE INTAKE WAS THE BIGGEST
CHALLENGE IN DEVELOPING THIS

ROBOT. THE GAME PIECES WERE

VERY DISTINCT FROM ONE
ANOTHER SO WE STARTED WITH
CONCEPTUAL IDEAS TO HOW WE

MIGHT APPROACH THE GAME PIECE
COLLECTION. TO DO THIS, WE SPLIT
UP INTO GROUPS FOR AN HOUR
AND PRESENTED OUR IDEAS FOR

HOW WE MIGHT PICK UP THE

PIECES.

OUR FIRST CONVERSATION DID NOT
REALLY FIND A OBVIOUS SOLUTION TO
THE CHALLENGE LIKE WE HAD HOPED,
SO WE DECIDED TO PROTOTYPE A
SIMPLE SYSTEM TO INTAKE GAME
PIECES. THIS SYSTEM WAS 3 PIECES OF
80-20 WITH 4 PULLEYS AND WHEELS
ATTACHED TO IT AND 2 DRILLS DRIVING
THE WHEELS. WHEN TRYING THIS WE
SAW THAT THIS TESTING WAS TOO

INCONSISTENT / FLIMSY AND DID NOT

REALLY PROVIDE ANY USEFUL

INFORMATION.

10
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PROGRAMMERS WERE GETTING
RESTLESS FOR A ROBOT AND
STARTED HELPING BUILD. WE
NEEDED TO GET SOMETHING BUILT
TO START TESTING SO WE STARTED
BUILDING A STRONGER PROTOTYPE
OUT OF PLYWOOD AND BELTS. THIS
PROTOTYPE DID NOT REALLY HAVE
MEASUREMENTS OR
DOCUMENTATION BUT IT FINALLY
SHOWED FORWARD MOVEMENT IN
THE "INTAKE RABBIT HOLE" THE

TEAM WAS STUCK IN.

AT FIRST THIS IDEA WAS TRIED ON
THE SAME 80-20 AS THE PREVIOUS
INTAKE DESIGN. AGAIN, WE SAW A
PROBLEM WITH THIS LACK OF
CONSISTENCY IN DRILL OPERATING
AND HUMAN SUBCONSCIOUS IMPACT.
IN THIS VERSION OF THE IDEA TWO
BELTS WOULD BE DRIVEN PULLING
THE GAME PIECE IN AND ONE OF THE
ARMS WOULD CLOSE TOWARDS THE

OTHER. THIS IDEA COULD NOT

REALLY BE RATED DUE TO ITS LACK

OF ACCURACY.

11
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FINALLY, WE TOOK THE IDEAS AND MADE A SOMEWHAT SOLID INTAKE
PROTOTYPE. IT WAS STILL DRILL OPERATED BUT NOW A PISTON WAS USED TO
CLOSE THE ARMS AND IT PROVED TO... STILL NOT REALLY WORK
EFFECTIVELY. THE BELT'S TEETH WERE FALLING OFF AND THE PIECES WERE
LOOSE. BUT, WE HAD SEEN WHAT WE NEEDED TO SEE FROM THESE
PROTOTYPES TO FIND A SOLID UNDERSTANDING OF WHAT A WORKING INTAKE

WOULD LOOK LIKE.

BELT INTAKE V3

FINALLY, THE INTAKE MADE IT OUT OF THE
PLYWOOD AND DRILL DRIVEN TEST PHASE.
WE STARTED TO CAD AND MACHINE OUT THE
IDEA. IN THIS VERSION, THE IDEA WAS THE
ARM WOULD OPEN, AND ONCE THE CONE OR
CUBE WAS SOMEWHERE IN THE INTERIOR OF
THE INTAKE, THE PISTONS WOULD CLOSE,
CAPTURING THE PIECES AND BRINGING THEM

TO THE FRONT FACE OF THE INTAKE USING

3D PRINTED BELTS.
12
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PROS CONS
=~ CONES WOULD COME TO THE = 3D PRINTED BELTS WERE
SAME CONFIGURATION WHEN INCONSISTENT AND WERE
BEING CAPTURED FROM THEIR BREAKING.
BACK SIDE. - CUBES WEREN’T BEING
=~ ALLOWED FOR A WIDE PICKUP CAPTURED AND WHEN BEING
RANGE OF GAME PIECES. PULLED THROUGH WOULD
GET LAUNCHED OUT.

WHEEL INTAKE V2

THIS PROTOTYPE DEALT WITH THE PROS AND
CONS OF THE PREVIOUS ONE AND ATTEMPTED
TO SOLVE THE PROBLEMS. THE BELTS WERE
REPLACED WITH WHEELS. THESE WHEELS WERE
2 LAYERS TO AVOID THE CUBE BEING
LAUNCHED OUT WHEN REACHING THE END OF
THE INTAKE AND THEY GAVE MORE GRIP ON THE
GAME PIECE. THIS DESIGN WORKED REALLY
WELL AND RESULTED IN BOTH CUBES AND
CONES BEING ABLE TO BE TAKEN TO A FIXED

POSITION.

13
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PROS

CONS

CAPTURES AND CENTERS
BOTH GAME PIECES.

WIDE CAPTURE RANGE.
WORKS VERY CONSISTENTLY.
CAN SCORE LOW IF ARM

BREAKS.

HEAVY / EXTEND FAR
FORWARD.

PART OF INTAKE RIDES ON
THE GROUND DUE TO WEIGHT.
How wOULD THE PISTONS BE

MOUNTED?

OTHER INTAKE PROTOTYPES

BUILD.

STRUCTURE. WHILE THIS TYPE OF MECHANISM

TO REORIENT GAME PIECES.

THE GOAL OF THIS PROTOTYPE WAS TO BE ABLE TO PICK
UP THE GAME PIECES WITH ANY ORIENTATION AND THEN
REORIENT IT. THE PROTOTYPE PERFORMED WELL WITH
PICKING UP CONES AND CUBES BUT ON SOME OCCASIONS
WOULD FAIL. THOUGH THIS PROTOTYPE DID NOT WORK IT
PROVIDED US WITH KEY INFORMATION TO BETTER

UNDERSTAND HOW TO MAKE A MORE RELIABLE FINAL

THIS INTAKE FUNCTION BY LOWERING ONTO A CONE
OR CUBE FROM ANY ORIENTATION RESULTING IN THE
HINGED PROTRUSIONS FALLING UNDERNEATH THE
GAME PIECE. AS A RESULT, THE PIECE WOULD THEN

BE UNABLE TO MOVE DOWNWARDS RELATIVE TO THE

COULD CONSISTENTLY PICK UP GAME PIECES, THE

IDEA WAS ABANDONED BECAUSE IT HAD NO ABILITY

14
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THE PISTON TO OPEN AND CLOSE THE
INTAKE WAS PLACED BETWEEN BOTH
ARMS ONCE WE DECIDED NOT TO
BRING THE GAME PIECE THROUGH
THIS MIDDLE SECTION. WE ALSO
MODELED 4 PIECES OF PLATE THAT
WOULD CONNECT THE INTAKE TO THE
ROBOT ON A ROTATION POINT WITHIN
THE BODY’S FRAME SO WE COULD
BRING THE INTAKE UP WHEN NOT IN
USE, AND IN STARTING

CONFIGURATION.

INTAKE DECISION:

THIS MODEL SHOWS THE INTAKE'S
GEOMETRY. THE ARMS OPEN 12.5
DEGREES, ALLOWING FOR HALF AN
INCH ON EITHER SIDE OF
CLEARANCE FROM THE ROBOTS
FRAME. THIS IS TO ACCOUNT FOR
THE WOBBLE IN THE
POLYCARBONATE TO STAY IN
REGULATION. WHEN THE INTAKE IS

CLOSED, BOTH WHEELS TOUCH

FORMING THE SHAPE OF A CONE.

15



FRC TEAM 1391 ENGINEERING NOTEBOOK

ARM PROTOTYPING

ARM OPTIONS:
= 2 ROTATION POINT ARM

= STINGER ARM

STINGER ARM PROTOTYPE:

INITIALLY, WE HAD TO SEE IF USING
A STINGER FOR THE ARM WOULD
WORK AND HOW MANY SECTIONS THE
STINGER WOULD REQUIRE. WE DID
SOME MATH AND TRIED TO ACCOUNT
FOR CERTAIN FACTORS LIKE THE
GRABBER MECHANISM AND FOUND
THE IDEAL ANGLE OF THE STINGER
AND HOW MANY SECTIONS IT

NEEDED.

16
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MD-ATLANTIC ROBOTICS DISTRIG/
WESTTOWN

THE STINGER WAS BUILT AND ' L L
ATTACHED WITH A CLAMP TO OUR
TEST BOT. THE IDEA WORKED, BUT
WAS FLIMSY, AND THE BRAKING

POWER WAS UNACCEPTABLE ON THE

MOTOR/GEARBOX THAT PULLED THE

STINGER IN AND OUT. THIS GEARBOX
WAS SUBSEQUENTLY SWITCHED TO A
RATCHETING GEARBOX ,WHICH PUT

LESS TORQUE ON THE MOTOR WHEN

NOT BEING RUN.

Now THAT WE HAD SEEN THE IDEA
WAS THERE, THE STINGER WAS
REDESIGNED TO ROTATE OVER 180
DEGREES, ALLOWING FOR GROUND
PICKUP AND HUMAN STATION
PICKUP. THIS DESIGN ALSO WAS
ABLE TO PLACE GAME PIECES (OF
COURSE.) THIS NEW STINGER WAS

PLACED ON THE COMPETITION DRIVE

BASE TO TRY IT OUT.

DURING TESTING, WE SAW IT WORKED, BUT THAT USING THE STINGER
WOULD REQUIRE A REDESIGN OF THE GRABBER MECHANISM AND
POTENTIALLY THE INTAKE. DUE TO THESE CONSIDERATIONS THE TEAM

OPTED FOR A ROTATION POINT ARM.

17
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2 ROTATION POINT ARM:

Vi

THE INITIAL DESIGN OF THE 2
ROTATION POINT ARM WAS BUILT AS
A PROTOTYPE. THE DESIGN WAS
MADE ENTIRELY OUT OF 1X2 BOX,
AND PROVED QUITE EFFECTIVE IN
TESTING. WITH THIS 2 ROTATION
POINT ARM, WE COULD PLACE GAME
PIECES ANYWHERE TO SCORE AND
PICK THEM UP ANYWHERE ON THE

FIELD.

WHEN WE TRIED DRIVING WITH THE
ARM CLAMPED TO THE DRIVE BASE
THE ROBOT FELL OVER. THE ARM
WAS TOO HEAVY, RESULTING IN
INSTABILITY. WE SAW THAT THE ARM
WORKED, BUT IF WE COULD NOT
LOWER OUR CENTER OF GRAVITY, WE
WOULDN’T BE ABLE TO USE IT. WE
THEN WENT TO THE WHITEBOARD
AND DID EXTENSIVE COG
CALCULATIONS TO DETERMINE

LIMITING CONSTRAINTS.

18
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v2
WE FOUND THE IDEAL WEIGHT OF

EVERYTHING OF THE ROBOT AND
CAME UP WITH A ELEGANT DESIGN
FOR THE ARM THAT REDUCED ITS
WEIGHT, ESPECIALLY UP TOP.
ADDITIONALLY, THIS NEW DESIGN
KEPT ITS ORIGINAL FUNCTIONALITY
AND STRENGTH. ON THIS NEW
DESIGN, THINNER PIECES OF BOX
WERE USED, SOME BOX WAS
REPLACED BY ROUTED PLATE WITH
STANDOFFS AND THE SHOULDER
MOTORS WERE MOVED DOWN, AND
THE SHOULDER MECHANISM THEN

DRIVEN USING CHAIN.

WE MOUNTED THIS NEW VERSION OF
THE 2 ROTATION POINT ARM ON THE
ROBOT AND TRIED IT OUT. TO USE
WITH GAME PIECES WE ATTACHED
THE CURRENT VERSION OF THE
GRABBER WE WERE WORKING WITH
AND WERE HANDING IT PIECES SINCE
WE STILL DIDN’T KNOW HOW WE
WOULD TRANSFER THEM FROM THE

INTAKE TO THE GRABBER. BUT,

WHEN TESTING, THE ARM WORKED

GREAT AND, APART FROM CHAIN
TENSIONING ISSUES, IT SEEMED LIKE

THE SOLUTION AND NO LONGER

19

TIPPED OVER.
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STINGER ARM

PROS CONS
= LIGHT WEIGHT. - CANNOT WORK WITHOUT
=~ EASIER TO CODE. INTAKE.

=~ WOULD NEED A NEW

GRABBER AND/OR INTAKE.

2 ROTATION POINT ARM

PROS CONS
- WORKS WELL + TESTED. ~ HARDER TO CODE.
=~ CAN WORK INDEPENDENTLY ~ MORE MOTORS / SENSORS
OF INTAKE. NEEDED.

MORE ROBUST.

LESS PRONE TO BREAKING.

ARM CONCLUSION:

WE DECIDED TO USE THE 2 ROTATION POINT ARM. IT WORKED EFFECTIVELY,
REPEATABILITY, WAS ROBUST AND THE ROBOT NO LONGER TIPPED OVER. THE
ARM CREATED AN INTEGRATED SYSTEM WITH BOTH THE INTAKE AND
COLLECTOR, WHICH COULD ALSO WORK INDEPENDENTLY IF A COMPONENT

FAILED IN COMPETITION.

20
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DRIVE BASE

THE TEST BOT DRIVE BASE WAS TEST BoOT
DEVELOPED IN ADVANCE OF
KICKOFF TO GIVE US A GENERAL
IDEA FOR HOW WE WANTED TO
USE SWERVE AND HOW WE WOULD
GO ABOUT BUILDING THE
COMPETITION DRIVE BASE. THE
TEST BOT WAS QUITE USEFUL FOR
TRYING MECHANICAL
COMPONENTS AND CODE OUT
WHEN WE STILL DID NOT HAVE A
ROBOT BUILT. AN EXAMPLE OF
THIS IS WHEN TRYING THE
STINGER ARM WE CLAMPED IT TO

THE TEST BOT.

THE TEST BOT WAS QUITE USEFUL FOR PROGRAMMING. ONCE WE MOUNTED A
LIMELIGHT TO IT THE ROBOT WAS USED TO TEACH CODING TO THE NEW
PROGRAMMING STUDENTS AND TO CALIBRATE AND CODE THE NEW APRIL TAG
FEATURES. LASTLY, SINCE WE KNEW WE WANTED TO TRY SWERVE THIS YEAR,
THE TEST BOT WAS A CONFIRMATIONAL TOOL. IT MADE BUILDING THE
COMPETITION SEASON DRIVE BASE MUCH EASIER, WORKED EFFECTIVELY, AND
WENT MUCH FASTER THAN THE TRADITIONAL TANK DRIVE OUR TEAM WAS

ACCUSTOMED TO.

21
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WE ORIGINALLY DECIDED ON A 24”X
27” DRIVE BASE. THIS DECISION TOOK
TOO LONG AND WE REALLY NEEDED TO
START BUILDING THE ROBOT SINCE WE
WERE ALREADY ON WEEK 4. ASs A
RESULT WE CHOSE A SIZE THAT
WOULD FIT ALL OUR COMPONENTS,
WHILE MAINTAINING A 24” SIDE,
ALLOWING US TO TAKE UP AS LITTLE
SPACE AS POSSIBLE WHEN ON THE

CHARGE STATION.

27”7 x 27”

AFTER TRYING TO PUT ALL

COMPONENTS ON THE ROBOT WE
DISCOVERED THE INTAKE NEEDED
TO BE CUTOUT WITHIN THE
BUMPERS. THIS, AS A RESULT,
MEANT THE INTAKE WOULDN’T
FIT UNLESS WE WERE 3” WIDER
ON THE 24” SIDE BECAUSE OF
THE 6” BUMPER RULE. SO, 4
DAYS AFTER BUILDING THE FIRST
“FINAL DRIVE BASE” WE BUILT
ANOTHER ONE AND STARTED
MOUNTING THE COMPONENTS

BACK ON IT.

22
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STEEL ELECTRONICS BOARD:

SINCE THE ROBOT WAS NOT VERY
HEAVY AND WE WERE WORRIED ABOUT
THE ROBOT TIPPING OVER IN
COMPETITION, WE DECIDED TO REMAKE
THE ELECTRONICS BOARD ENTIRELY
OUT OF STEEL AND THEN INSULATED
IT WITH TAPE TO PREVENT ANY

ELECTRICAL SHORTS.

|
fl

THIS ELECTRONICS BOARD TOOK UP
TO 7 HOURS OF MACHINING TO
MAKE BUT THE END RESULT WAS
PERFECT. THE STEEL ELECTRONICS
BOARD ALLOWS US TO TIP UP TO 80
DEGREES ON A SIDE WITHOUT
FALLING OVER. THE STEEL
ELECTRONICS BOARD ALSO ADDED
STRUCTURAL INTEGRITY TO THE

DRIVE BASE. THE HOLES ON THIS

LASTLY, THE ELECTRONICS BOARD WAS ELECTRONICS BOARD WERE ALSO

CUT OUT OF A SINGLE SHEET OF STEEL ALL COUNTERSUNK TO USE FLAT

FOR EASE OF MANUFACTURING AND
E E HEAD SCREWS WHICH MEANT WHEN

ASSEMBLY. THE DESIGN ALSO
E L E DE CLIMBING THE CHARGING STATION

INCLUDED CUTOUTS TO HAVE TH
L E E E WE WOULD NOT GET STUCK ON

ABILITY TO FIX ANY MPONENT
- © co ONE ANYTHING.

WITHOUT NEEDING TO REMOVE IT.

23
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TEAM 1391°S ROBOT:
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RoBOT FINAL BUILD

ONCE THE ROBOT COMPONENTS HAD
BEEN PUT TOGETHER ALL THAT WAS
LEFT WERE FINISHING TOUCHES.
WE 3D PRINTED MOUNTS FOR THE
AIR TANKS, RADIO & CAMERA.
ADDITIONALLY, WE MADE SWERVE
COVERS TO PROTECT THE SWERVE
AND TO MOUNT THE SWERVE'S
MOTOR CONTROLLERS BECAUSE OF A

LACK OF SPACE ON THE

ELECTRONICS BOARD. ALSO, A HARD
STOP WAS MADE FOR THE ARM TO

PREVENT OVER-EXTENDING.

CONSTANT FORCE SPRINGS WERE
ADDED TO THE INTAKE BECAUSE
THE PISTONS DID NOT HAVE
ENOUGH FORCE TO BRING THEM UP
ALONE. ADDITIONALLY, TWO
PIECES OF BOX WERE USED ON THE
INTAKE FOR THE CONE TO REST ON
WHEN IT WAS PULLED IN, WHICH
GAVE IT THE PERFECT PLACEMENT
FOR THE ARM TO GRAB IT. THE

INTAKE MOTORS WERE ROTATED

BECAUSE THEY CAME CLOSE TO
THE BUMPERS, AND WE WERE
WORRIED THEY MIGHT GET THEIR

WIRES PULLED OUT.

25
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BUILD EVALUATION

WHAT WENT RIGHT:

=~ THE ARM AND INTAKE CAN BOTH
WORK INDEPENDENTLY. THIS
MEANS IF EITHER ONE OF THESE
BREAKS IN GAME, WE CAN STILL

SCORE GAME PIECES.

= THE INTAKE HAS A WIDE GAME
PIECE CAPTURING RANGE WHICH
MEANS WE CAN TAKE GAME PIECES
FROM ANYWHERE AND DON'T HAVE
TO LINE UP PERFECTLY WITH IT
WHEN PICKING UP FROM THE

GROUND.

= THE DECISION TO USE SWERVE WAS
DEFINITELY THE RIGHT ONE. NOT
ONLY WAS SWERVE LESS OF A
HASSLE IN BOTH DRIVE BASE
CONSTRUCTION AND REPAIR, BUT
ALSO IT ALLOWED MOVING AROUND
THE FIELD TO BE WAY EASIER. THE
ADVANTAGE OF SWERVE WAS
ESPECIALLY SEEN WHEN
BALANCING ON THE CHARGE
STATION, SOMETIMES HAVING TO
MOVE TO THE SIDES MAKING SPACE

FOR OUR ALLIANCE PARTNERS.
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WHAT WENT WRONG:

- WE WASTED A LOT OF TIME THIS
SEASON TRYING TO SOLVE A
PROBLEM WE LATER DISCOVERED
DIDN'T EXIST (CLIMBING UP THE
SIDE) AT THE EXPENSE OF
DEVELOPING OTHER COMPONENTS

MORE QUICKLY.

=~ WE SHOULD HAVE COMMUNICATED

MORE CLEARLY WITHIN THE TEAM

ABOUT GAME PIECE TRANSFER
BETWEEN THE INTAKE AND
GRABBER / ARM. FORTUNATELY,
WITH A CONCERTED AND FOCUSED
EFFORT, WE WERE ABLE TO SOLVE

THE TRANSFER CHALLENGES,

= WE SPENT A LOT OF TIME TALKING

ABOUT IDEAS AND CADING THEM,

RATHER THAN DEVELOPING
PROTOTYPES IN PARALLEL.
WE SHOULD HAVE SPENT

MORE TIME TESTING IDEAS

AND DESIGNS ITERATIVELY.
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WEEK 1 EVENT EVALUATION

WHAT WENT RIGHT:

=~ THE ROBOT HAD VERY FEW MINOR
MECHANICAL ISSUES, WHICH MEANT
WE WEREN’T FIXING BETWEEN
MATCHES OFTEN.

= BOTH THE INTAKE, TRANSFER AND
SCORING ARM WORKED AS DESIGNED
THROUGHOUT THE COMPETITION WITH
FEW ISSUES.

= AUTONOMOUS WORKED ALMOST
PERFECTLY AT ALL TIMES, AND THE
METAL MOOSE WON THE AUTONOMOUS
AWARD.

=~ BALANCING ON THE CHARGE STATION

WENT REALLY WELL AND RARELY
WHAT WENT WRONG:

POSED ANY ISSUES.

= CONES WOULD OCCASIONALLY
GET STUCK IN THE ROBOT DUE
TO A INCORRECT GRAB OF THE

CONE OUT OF THE INTAKE.

-~ THE CUBE WOULD SOMETIMES
GET STUCK TO THE GRABBER DUE

TO ITS STICKY PADS.

= THE INTAKE WAS LESS ROBUST
THAN EXPECTED, AND DRIVE
CHAIN ON THE ARM FAILED

TWICE. 28
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NEXT STEPS FOR SECOND EVENT:

INTAKE: THE INTAKE WORKED WELL BUT NEEDED TO BE FIXED AND
SCREWS HAD TO BE TIGHTENED THROUGHOUT THE COMPETITION. TO FIX
THIS, THE CENTRAL 2X1 BOX OF THE INTAKE WAS CHANGED FROM 1/16
INCH TO 1/8 INCH TO PREVENT THIS FROM BREAKING AGAIN. ALSO, THE
PISTONS WERE PULLING ON STANDOFFS WHICH BROKE TWO TIMES IN
THE COMPETITION SO THESE STANDOFFS WERE REPLACED WITH 1/4-20

SCREWS WHICH WOULD BEAR THE PISTON LOAD MUCH BETTER.

ARM: THE MAIN ISSUE WITH THE ARM WAS THE CHAIN LINKS KEPT
SNAPPING DUE TO THE CONSTANT FORCE BEING PUT ON THEM. TO
SOLVE THIS, THE #25 CHAIN ON THE ARMS SHOULDER WAS REPLACED
WITH #35 CHAIN TO PREVENT IT FROM SNAPPING AGAIN. ALSO, THE
CHAIN WAS BEING TENSIONED BY A HEX SHAFT (WHICH SEEMED TO BE
ANOTHER CAUSE OF CHAIN FAILURE) SO THIS HEX SHAFT WAS

REMOVED.
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GRABBER: THE GRABBER HAD SOME ISSUES IN THE FIRST
COMPETITION. CUBES WOULD GET STUCK IN IT OCCASIONALLY
BECAUSE IT WOULD NOT OPEN WIDE ENOUGH. ALSO, THE GRIP WAS
NOT ALWAYS RIGHT ON CONES SO SOMETIMES THEY FELL INTO THE
ROBOT. TO SOLVE THIS, WE CREATED A NEW GRABBER V4. THIS
VERSION IS MACHINED OUT OF SHEET METAL AND DOESN’T WORK IN A
LINEAR MOTION ANYMORE. ONCE WE TRIED IT OUT WE SAW IT WORKED
MUCH BETTER. THE NEW GRABBER ALSO FEATURES SMALLER PADDLES
TO REDUCE GRIP ON CUBES WHICH WOULD PREVENT THE ISSUE OF
CUBES GETTING STUCK ON IT. THE STANDOFFS BETWEEN BOTH PLATES

WERE 3D PRINTED.

LASTLY, THE NEW GRIPPER DID NOT FIT BETWEEN THE NEO MOTORS
SO THESE MOTORS WERE REPLACED WITH NEO 550s WITH A 100:1

GEARBOX, ND A TOTAL GEARING OF 250:1 ON THE ARM'S ELBOW JOINT.

< L LI AARI1]]
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PROGRAMMING

THIS YEAR, OUR PROGRAMMING TEAM STARTED OUR PRE-COMPETITION SEASON OFF BY LEARNING
THE BASICS OF ROBOT PROGRAMMING IN JAVA FROM RETURNING TEAM MEMBERS, USING LAST
YEAR’S ROBOT AND AN OFFSEASON SWERVE CHASSIS TO TRY OUT THEIR CODE AND GET REAL
FEEDBACK. ONCE THE TEAM MEMBERS WERE FEELING COMFORTABLE DOING SOME PROGRAMMING
FOR THE ROBOT, WE STARTED LOOKING INTO APRILTAG TRACKING TO GET A JUMP-START FOR THE
UPCOMING SEASON. IN THE PAST, WE HAVE USED LIMELIGHTS TO TRACK RETROREFLECTIVE TAPE ON
THE FIELD, BUT WITH THIS BEING THE FIRST YEAR FOR APRILTAGS TO BE INTRODUCED INTO FRC,
THERE WEREN’T ANY EASY SOLUTIONS YET. WE SPENT MOST OF THIS PRESEASON TIME USING
PHOTONVISION, AN APRILTAG TRACKING SOFTWARE TO IDENTIFY AND TRACK THE APRILTAGS, AND
AS THIS ONLY GAVE FAIRLY RAW DATA AND WAS A LITTLE SLOW, IT WAS A CHALLENGE TO FIGURE
OUT HOW TO USE IT As BEST WE COULD, AND WE USED TRIGONOMETRY TO BEGIN IMPLEMENTING
VISION-BASED ODOMETRY UPDATES USING THE APRILTAGS. EARLY IN THE SEASON, LIMELIGHT
RELEASED THEIR OWN APRILTAG TRACKING SOFTWARE, WHICH WORKED OUT A LOT BETTER FOR US
THAN PHOTONVISION, AS IT IS A MUCH FASTER ALTERNATIVE TO THE PHOTONVISION SOFTWARE WE
WERE USING. AFTER KICKOFF WE BEGAN WORKING ON PROGRAMS TO BALANCE AUTOMATICALLY AND
TO LINE UP WITH APRILTAGS USING ODOMETRY AND THE VISION UPDATES WE HAD FIGURED OUT
BEFORE THE SEASON STARTED. THE AUTOBALANCE PROGRAM WAS A GREAT PROJECT FOR NEWER
TEAM MEMBERS TO WORK ON, AS THE CODE WAS PRETTY STRAIGHTFORWARD. WHEN THE CODE IS
RUN, IT GETS THE PITCH AND ROLL OF THE ROBOT USING THE NAVX GYROSCOPE THEN COMPARES
THAT TO A CONSTANT TO DETERMINE IF THE ROBOT SHOULD DRIVE IN A DIRECTION OR NOT. USING

BOTH THE PITCH AND ROLL ALLOWS THE ROBOT TO COMPENSATE FOR ANY ROTATION IT MIGHT HAVE

WITHOUT DOING ANY COMPLICATED MATH.
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THE APRILTAG AUTO ALIGNMENT CODE WAS A LITTLE MORE COMPLICATED,
USING THE DIFFERENT INPUTS FROM THE ATTACHED LIMELIGHT AND MULTIPLE
PID CONTROLLERS TO ALIGN WITH THE APRILTAGS. WE TOOK MULTIPLE
APPROACHES TO ACHIEVING THIS, STARTING WITH AN EASIER METHOD WHERE
WE WOULD USE THE LIMELIGHT TO ESTIMATE THE ROBOT’S POSITION ON THE
FIELD AND THEN GET THE POSITION OF THE APRILTAG ON THE FIELD AND
DRIVE THE ROBOT TO THAT POSITION USING THE WHEEL ODOMETRY. THIS
WORKED REALLY WELL, EXCEPT THE FIELD ESTIMATES OF THE ROBOT’S
POSITION HAD A FRUSTRATING MARGIN OF ERROR. BECAUSE OF THAT WE TRIED
ANOTHER APPROACH, THIS TIME USING THE RAW DATA FROM THE CAMERA TO
GET THE SIZE OF THE TAG AND THE POSITION OF THE TAG RELATIVE TO THE

CAMERA.
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THE FUNCTION GETTA() RETURNS THE PERCENTAGE OF THE AREA OF THE CAMERA FEED THE

APRILTAG IS TAKING UP(WE FOUND AT 3.4% THE ROBOT WOULD BE THE PERFECT DISTANCE AWAY).

GETTX(RETURNS THE OFFSET FROM CENTER(O) THE TAG IS ON THE X-AXIS WITHIN THE CAMERA

FEED.

ONCE THESE PROGRAMS WERE FUNCTIONAL, WE DECIDED TO HOLD OFF ON THE MORE SPECIFIC

PROGRAMS AND WAIT UNTIL WE HAD A REAL COMPETITION ROBOT TO TEST THE CODE ON. WHILE

THE BUILD TEAM WAS WORKING ON GETTING THAT ROBOT READY, WE STARTED EXPERIMENTING
WITH PATHPLANNER, A PROGRAM FRC TEAMS CAN USE TO CREATE AUTONOMOUS ROUTINE PATHS
EASILY USING CURVES. THIS WAS SOMETHING WE HAVEN'T DONE IN THE PAST, ESPECIALLY WITH

SWERVE DRIVE, SOMETHING BRAND NEW FOR OUR TEAM THIS YEAR.

AS WE RECEIVED THE ROBOT, THE BIGGEST CHALLENGE TO WORK WITH WAS THE ARM. TO MONITOR
THE ANGLES OF THE ARM, WE HAVE THROUGH BORE ENCODERS READING THE ANGLE OF THE
DIFFERENT JOINTS, WE WILL REFER TO THESE JOINTS AS THE SHOULDER AND THE ELBOW. THE
ARM REQUIRED VERY PRECISE PID TUNING TO KEEP IT FROM BREAKING ITSELF OR OTHER THINGS
AROUND IT. ONCE WE HAD BASIC CONTROL OVER IT, WE USED THE ANGLES TO GATHER A SERIES OF
ANGLE COMBINATIONS THAT WOULD ALLOW US TO SCORE AT EACH LEVEL. ONCE THIS WAS
WORKING, WE DECIDED WE WANTED TO SOLVE THE INVERSE KINEMATICS, WHICH WOULD ALLOW

FOR VERY EASY CONTROL OVER GAME PIECE POSITIONING. THE MATH ITSELF LOOKS LIKE THIS:

S0 uuuuvuuvNNvNNNum
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AND THE CODE LOOKS LIKE THIS:

bow (Double
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WHAT THESE INVERSE KINEMATICS EQUATIONS DO IS ALLOW US TO PROVIDE THE X AND Y
COORDINATES OF A POINT AND THE ROBOT WILL AUTOMATICALLY KNOW WHAT ANGLES TO MOVE THE
ARM TO. THE INITIAL PART ARE THE EQUATIONS AND THE IF STATEMENTS AT THE END ARE
SAFEGUARDS IN CASE THE CODE IS GIVEN A BAD SET OF COORDINATES, LIKE A POINT THE ARM

PHYSICALLY CAN’T REACH.

ONCE WE HAD GOOD CONTROL OVER THE ROBOT, WE STARTED CREATING AUTONOMOUS ROUTINES,
WHICH WERE ACHIEVED USING SEQUENCED ARM POSITIONING COMMANDS, PATH PLANNER ROUTES,
AUTO BALANCING, AND APRILTAG ALIGNMENT ALL TO MAKE OUR AUTONOMOUS ROUTINES AS

CONSISTENT AS POSSIBLE.

HERE IS SOME OF THE MATH WE USED INITIALLY TO DETERMINE THE ROBOT’S POSITION RELATIVE

TO
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SCOUTING

THE SCOUTING TEAM WAS RESPONSIBLE FOR CREATING A NEW SCOUTING
MODEL THAT WOULD PROVE EFFECTIVE FOR DATA ANALYSIS. WE
BRAINSTORMED EFFECTIVE WAYS FOR SCOUTERS TO TAKE DATA BASED ON
THIS YEAR'S GAME MECHANICS. WE HAD A FEW DIFFERENT IDEAS ON HOW
TO COLLECT AND INPUT THE SCOUTERS' DATA, ORIGINALLY ATTEMPTING TO
USE ANOTHER TEAM’S SCOUTING PROGRAM. WE REALIZED USING THE
OTHER TEAM'S PROGRAM WOULD NOT FIT BEST WITH OUR PLAN TO USE A
GRID TO TAKE DATA, SO WE TRIED CREATING A MODEL IN GOOGLE SHEETS

WITH QR CODES TO COLLECT THE DATA.

A B C D E F G H 1 J K

Team # TGame # Total Defensive? Autonomous [Docked? Engaged? Mobility?
57 O 27
Manufunction? Teleop|Docked? Engaged? Parked Docking Time
O 30 & O
Autonomous
Top O O O O O O O O
Middle O O O O O O O O O
Bottom [CONE] O O O ] O O O O
Bottom [CUBE] O O O 0 0 O 0
Teleop
Top O O O O O O O
Middle a a | O a ] a
Bottom [CONE] O O O O O O O
Bottom [CUBE] O O 0 O O O O
Autonomous |Cones Cubes Total Points
Top Row 1 0 1 6
Middle Row 0 0 0 0
Bottom Row 1 2 3 9
Total 2 2 4 15
Total Points
27
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AFTER CONSULTING WITH MEMBERS OF THE TEAM, WE DECIDED TO USE EXCEL

SHEETS WITH FLASH DRIVES INSTEAD OF OUR ORIGINAL PLAN. IT TOOK US LESS

TIME TO UNDERSTAND THE PROCESS, SO WE FOCUSED ON PERFECTING THE SHEET,

TRAINING THE SCOUTERS, AND CREATING A METHOD TO COLLECT DATA.

A | B | C i E F | G H L | i J | K L
Team # Match # Total Autonomous Auto Docking Time Teleop Docking Time
0 0 00.00.0| Start ‘ Siop |
Teleop Defensive? tion? Blue Alliance | Red Alliance
|Autonomous Grid 3
|Top | B Docked? Attempted
|Middle m W ]
| |Bttm.[CONE] Engaged?

Docked? Attempted

L ).l

I End Game Notes

| ;ls their intake(their collection of game pieces) better than their arm(Placing of

|game pieces?

} ;How was their driving(tippy,spotty.etc)? Did the driver seem experienced?

i .}Any other notable plays or obvious fouls(explain malfunctions here)?

Engaged?

‘.}

arked?

Repeat every Match:

1. Fill out Match # and Team #
2. Scout the match

3.Ctrl + S to save the sheet

4. Tap the application in the taskbar with the snake ONCE
5. Wait 4-8 seconds

6. Fill out fields when prompted
7. Press "Save"

LASTLY, WE CREATED A SYSTEM TO TRANSFER DATA FROM THE STANDS TO

THE PITS DURING A COMPETITION EFFICIENTLY, AND ORGANIZED A TEAM

FOR ANALYZING THE DATA COLLECTED.
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BUSINESS / IMPACT

BUSINESS:

STARTING IN PRESEASON, WE BRAINSTORMED, DRAFTED, AND FINALIZED A
BRAND NEW 5-YEAR PLAN, WORKED ON A SPONSORSHIP PACKET, AND
WORKED ON CREATING OUTREACH ACTIVITIES. AFTER MANY MEETINGS AND A
GROUP REVIEW WITH THE ENTIRE TEAM, WE FINALIZED OUR PLAN.
FOLLOWING THIS, WE WORKED TOGETHER TO FINISH OUR SPONSORSHIP
PACKET AND WHICH WAS LATER SENT OUT TO A LIST OF PROSPECTIVE
SPONSORS. OUR INDIVIDUAL DONOR FUND WAS WELL RECEIVED THIS YEAR
AND LEAD TO IMPORTANT FUNDING FOR OUR PROGRAM, PARTICULARLY OUR
IMPACT AND EQUITY WORK. IN CONJUNCTION WITH OUR SPONSORSHIP
PACKET, WE PUT TOGETHER A LETTER THAT WAS SENT TO ALUMNI AND
PARENTS WITH INFORMATION ABOUT OUR UPCOMING SEASON AND OUR
NEEDS.

HALFWAY THROUGH THE SEASON, WE DECIDED TO SPLIT THE BUSINESS
TEAM TO WORK ON SEPARATE TASKS. SOME MEMBERS WORKED ON THE
ESSAY SUBMISSION FOR THE WOODIE FLOWER’S AWARD, WHILE THE OTHER
MEMBERS WORKED HANDS-ON TO CREATE A FUNCTIONAL AND ELEGANT PIT
DESIGN. WITHIN OUR PIT DESIGN EFFORTS, WE WORKED WITH OUR PIT
CREW AND OUR DRIVERS TO MAKE SURE ALL OF THEIR REQUIREMENTS WERE

MET.
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IMPACT:

WHILE THE BUSINESS TEAM WAS HARD AT WORK, THE OUTREACH STRAND
OF BUSINESS WORKED HARD ON KICKSTARTING FLL IN BERMUDA. THEIR
SCHOOL SYSTEM CONTAINS 18 PRIMARY SCHOOLS, AND WE PLAN ON
PROVIDING EACH WITH A LEGO SPIKE PRIME ROBOTICS KIT. ALTHOUGH
THE PROMISE IS GRAND, THE IMPACT TEAM HAS STARTED SMALL BY KEEPING
OURSELVES CONNECTED WITH BOTH BERMUDA’S BOARD OF EDUCATION AND
GOVERNMENT. TAKING OUT TIME TO TEACH TEAM MEMBERS HOW TO BUILD
WITH THE KITS ALLOWED US TO PREPARE TO SEND 15 MINUTE TUTORIAL
VIDEOS. OUR OUTREACH HAS PROGRESSED SO MUCH SO THAT AN
ADVERTISEMENT FOR OUR AMBITIONS APPEARED ON THE RADIO. WE HOLD
OURSELVES ACCOUNTABLE FOR THE COMMITMENT OF TEACHING
FUNDAMENTAL PROGRAMMING SKILLS THROUGH THE USE OF LEGO’s
PROPRIETARY SPIKE PRIME APP. CONTINUING ON THIS PATH WILL ALLOW
US TO FORMULATE AN ACCESSIBLE COMMUNITY FOR STEM OPPORTUNITIES

IN FIRST BERMUDA.

PLEASE SEE OUR TEAM OVERVIEW DOCUMENT THAT MORE FULLY PRESENTS

OUR IMPACT AND EQUITY WORK, PAST, PRESENT AND FUTURE.
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THANK YO
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