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What can be used to build your robot?

FIRST 2017/2018
» Everything you compete with must be made of uERace | Challenge Guide
LEGO® elements in original factory condition,
except LEGO® string and tubing, which you may cut
to length.
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» Exception: You can reference a paper list to keep HYDRGen
track of programs and use a bin to carry your DYNAM I BH
robot. N - -

» There are no restrictions on the quantities or = -
sources of non-electric LEGO® elements, except (' L — —‘l .
that factory-made wind-up/pull-back “motors” are . pomsr mass

not allowed.



What can be used to build your robot?

» | EGO® pneumatic elements are allowed.

e On the robot, marker may be used for owner
identification

» Paint, tape, glue, oil, dry lubrication, etc. are not
allowed.

» Stickers are not allowed except LEGO® stickers
applied per LEGO® instructions.




Rule Changes for 2017

* Ihe f/Qfd ‘objects™ has | J_,en | E*PLE Cf—)d wm ‘*
irt]]ﬂ Qr r)rlrrlll"”jl ISIT] ‘I/J E—’EE’I’ |

» Derinition or ° FrrrrJJrjorr

not directly involvin g

» Maximum Equi
imited.

* The height U1



What can be used to build your robot?

he electric elements used must be the LEGO® MINDST
Nd | umper of electric ele U
imited as follows:

* One Controller (RCX, NXT, or EV3)

|

A 11

» Four Motors - Must be MINDSTORMS® motors
A f1fth motor 1s not permittead in the 59/
g

) / petition area (you may
ave untimited spare motors at the pit a

e

o

Unlimited Sensors _
* Must be Touch, Light, Color, Rotation, Ultrasonic, or Gyro sensor
* Must be LEGO® manufactured MINDSTORMS® sensors



Achieving Robot

Performance

> leams that are consistently

LOp performers are always
Dalanced in robot design,

roesramminge. Strarteo)
Drogr J.ymrmng)! and strategy.

Programming
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Engineering Design Process

Ask

* What 1s my aesign

supposed
[0 dO?

Improve

 How will | test my design?

* How Will | Know |
what | want?

't 1S doing

» What could keep me from
making it do that?



Engineering Design Process

Imagine

3 fxﬂppu kJ’JQ"‘f“/EECJg% e
o .‘, .“', . L - " ""‘(I
creaux/w -

storm ideas. | |IMProve

» Plan 1dea with sket
d'}a'ggrgrr chfu/ g5




Engineering Design Process

Create

* Create a prototype.
T1pDIrove
* lest Elf":’r) Qrgr/r)-,-lrj JJT]J_)IJJ /“"‘
record the results.




Design Process

Improve

muir

 What change would make th
pDiggest impact on meeting
the goal?

* Apply knowleage a rJd
creativity to brainstorm
jdeas.



Common Attributes of FLL® Robots

- Iwo motors are L'“?—Jd for the drive wheels,
Side for turnin

s [he thirad rlrd fourt 'r motors for @
vertical lift, arm mechanism, or a

* Muttiple attachments for d'J'I‘f.”—“‘*"f‘v—-*" tr
fit inside the bas

H‘

* Robots must

Attachments are removable - Mechanisms are not




Robot Design Tip

oach Mike shared a pretty cool story with us about a simple innc f/{on his

ly good™ design can get in the way of lJ’lﬂO‘/rll"JJIL 7 S/T@ LEGO®
team Avian Allies (246/79) that er, sometir //We didn’t want

€ apart or change alrea d/ working attac hmv{ri Jn /f cently when one
Leam members had a simple, J'Jr in Ispired He said, “I wish there
undo button for rwor/_tczdfr;rfwrlr desig /

uttor ” They suggested

7@%[0 ment. Now there is

/ 10tos of the team’s designs.

tton encourage them to actually

, f%‘nnovatlon and risk taking on
jething matters and that sometimes
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Robot Design Executive Summary (RDES)

PDesign Details Outline

1. Funl Describe the mo; fun or in "E."ff'?l m r)'lff‘ of robot Jd;},
most challenging parts. If your robot has a name, who *"flc',» )

win Y.
2. Strategy: =<\ /our team’s strategy and reasoni 12
accompli eru missions

3. Design Process: [=:crir) e*mw your team desig eré you
DrOCess you used to make improvements to th ////
o et e 0 EXplain to the judges your robot’s basic structure, how
you make sure your robot is deJJ:ﬁ mJ uﬁ*‘
add/remove attachments.

5. Proglrammmg Describe how you p ,,)rJJ’?
| ESULLS

‘\5

6. Innovatlon Describe any f‘
Special, different or especic



Beginning

Accomplished Exemplary

Developing

Mechanical Design

Durability

Evidence of structural integrity; ability to withstand rigors of competition

D

N| quite fragile; breaks a lot

frequent or significant rare faults/repairs sound construction; no
faults/repairs ‘ ‘ repairs

Mechanical Efficiency

Economic use of parts and time; easy to repair and modify

N | excessive parts or time to
D | repair/modify

inefficient parts or time to appropriate use of parts and streamlined use of parts and
repair/modify time to repair/modify time to repair/modify

Mechanization

imbalance of speed, strength
and accuracy on most tasks

Ability of robot mechanisms to move or act with appropriate speed, strength and accuracy

for intended tasks (propulsion and execution)

imbalance of speed, strength | appropriate balance of speed, | appropriate balance of speed,

and accuracy on some tasks strength and accuracy on most strength and accuracy on
tasks every task




Chassis Durability

Evidence of structural integrity; ability to withstand rlgors of
competition

Accomplished: Rare faults/Repairs
Exemplary: Sound Construction; No Repairs

* Things to ask about your robot:
. ¢ ¥ '-rr"l 7 G h-

* Does my robot stay together during routine

* Does my robot have excessive

* Does my robot wheels remain in

,,,,,



Chassis Mechanical Efficiency




Chassis Mechanical Efficiency

» Robot Setup - Know Where to Start!
» The base is bigger than it appears, where does the robot go?

* When positioning the robot, the angle the robot is heading is very
important. If the heading is off by 1 degree, four feet (half the
length of the field) from the start, the robot will be off course by
over 1 2 inches

20



Chassis Mechanical Efficiency

rting position Includes
ﬁrrf ents, everything must start
,, f-‘”\'J:,r ment tools, such as robot £ bumpers ¢

7
built J__)f(’_)lj#f'/ and consisten rl/ J;; :é‘




Chassis Mechanization

Ability of robot mechanisms to move or act with appropriate sp
strength and accuracy for intended tasks (propulsion and execution,

Accomplished: Appropriate balance of speed, strength, and
accuracy on most tasks.

Exemplary: Appropriate Balance of Speed and Strengt
Task



Chassis Mechanization

4
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Chassis Mechanization

» Where

J
he robot top heavy? =
» How will the robot’s CG char th ,,
Up something?
» Does the rgbot tip over on o
Or 1n collisions

l""l'
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* What happens when the
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Chassis styles

JUA== i le e @le (19 = usually fine if no ramps to climb

* 2 wheels and caster wheel (3-point design) - c:iii=
Change robot course (supermarket carts)

. 2 wheels and caster ball (3-point design)

* 4 wheels (4-point design) - ujtoy Iy aUAE w/w out tires to slide
while pivoting

* 6 wheels - Laggor tilals LL robots, robot must fit in base.
» Treads - »»‘-aljl,e, can be 'rja urn:

nconsistent movement

o
Tl
X
O
N
N
(¥

|
Z:

uo
t;
=
(U
Q



Chassis mobility

HYDRGCo
DYNAM \CS

‘obot rield

......



Chassis mobility

=)

» Wires from brick to motor and se
away so they don’t catch on any:




Chassis mobility

Slower, More precise, More torque (p

* Big gear on motor and small gear gp t

\ Iv,-.,-.,
wheel
» Faster, Less precise, L

L http://gears.sariel.pl/
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Wheels, Tracks and Axle tips

»

» Motion and lurns r
* Lar

4

»

» Wh

eel Axle Support
» More ;)LJr)r)Qfl" |‘—i:‘,5 \/\/13%3' -

» Support from both JJ

» [racks

Low Friction/High SL'}ppaue
NOL

\

ge wheels go 'fur't'mer olutic
Friction varies with different wheel.
Consider how they pivot um ar

rf



Building to go straight

/ /wheels.sariel.pl/

http




Wheel alighment and support

Under

xles can 1l

e e )
ol LT1C




Wheel Support - Poor

3

2 full bushings
and 1 half bushing




Wheel Support - Better

1 halve bushin

3M Beam with 2
black friction pegs




Wheel Support - Best




Robot placement

1%

» Jigs / Robot bumpers / Alighment tool
» Align with ng.Jd edges of robot, not
* Provide three points of contact t:
and front/back positions correct
 Jig / Alignment tool can't interfer
pegins to move
* Table waU may vary. JJJrr‘fff
against c. he south wall, but e:
nd north falls wh Hrv—ﬂ/v%'
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Three types of turns

»

* PIvot - robot turns about a -m
* Curved - robot turns ,uo,Jr



Pivot turn left

%’ng the right wheel

hile breaking the left
lll cause the robot to
__________________ turn right.



Pivot turn right




Consistent Steering Tips




Pinpoint turn

%{the wheels in

...__.__ 0 %{//l/te directions will

_.;:;5;5.-;5::555555555 /
fgte the robot around



Curved turn




Navigation methods

» Wall Tollowing
* Horizontal guide wheels
» Approach wall at shallow angle

» Mounting sensors covered in Attachments and Sensors.

ﬂ_‘;

J Prwrammmg sensors covered in Programming Workshops

incluading countering g



Navigation methods

ad\/am'ta: e of kn JWJF
ion - not a general - |
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Online - References and Tools

B B http://ev3lessons.com/index. html
 Techbrick: hitpj//'v‘-/‘v‘f‘v‘*/ techbrick.com/

2 b=l pttp: //wheels. ;ar‘iehul/
J Cl=rli- http://gears.sariel.pl/

._‘_

« LEGO® Digital Designer:



Online - Parts

Lego Educational:

Brick Owl:
Techbrick:
BrickSet



