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What can be used to build your robot?

Read the Robot Game Rules! (Page 16)

> Everything you com r)aza with must be made of
| EGO® elements in originz 1|. factory condition,
except LEGO® string and tubing, which you m)
t0 length

* Exception: You can reference
(rack of programs and use a bin
robot

— S W -

c,ror/ ma de win d _Jr)/j)t
lowed.



What can be used to build your robot?

» | EGO® pneumatic elements are allowed.

» On the robot, marker may be used for owner
identification in hidden areas only.

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

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




Rule Changes for 2016

T'here is no i'je-lf—"r/ region. The whole quarter-circle region is
I'he inner curved line 1S meaningless Now.

3
» On-Field Storage outside Base no longer allowed.

* [he ceiling of Base has been removed, so there
Robot may be.

> Iransported objects partly in base when
DY hand) are atways given to the Reft, ar

—4

* Stranded objects partly in b
T play.

* If the Robot is interrupted transporting an object not completely in
base, the Ref removes the object from o matter what.
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» One f’omrroibr iC;{, NXI, or EV3)

> Four Motors - Must be MINDSTORMS® motors

» A fﬁf'i’ motor is not permitted JJ‘ fr o competi
el ot p = 2ol
ave untimited spare motors at the pit ar

o

Unlimited Sensors
* Must be Touch, Light, Color, Rota %
* Must be LEGO® manufactured ;};f% DST



Achieving Robot

Performance

 Teams that are consistently
I”QJ DH{FQJ’” _JL Eff:’ E.l\f/ /
Dalanced in robot design,

programming, and strategy.
Programming
> Teams will naturally be
stronger in one area, but to



>
on
@
)
(O
[
)
W




Engineering Design Process

Ask

* What 1s my design
(0 do?

supposed S
Improve
> How Wwill | test my aesign?

* How will | know it is doing \
what | want?

» What could ')e ep me from
making it do th

F['
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Engineering Design Process

Imagine

fﬁ‘*HH'/ rJQz/EvJCJQ::‘ and

creativity to brainstorm ideas. JHJPI’O‘/E

> Select one to try.

Plan

» Plan idea with sketches,
dlagrams, drawings and notes.

» Plan m JEE':I’J"L and resources.



Engineering Design Process

Create

Improve




Design Process

Improve
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> Analyze design and
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Common Attributes of FLL® Robots

IwWo m oror,j are us
curnin

L'O

» ['he third and fourth mo
arm mechanism, or attac
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Robot Design Executive Summary (RDES)

PDesign Details Outline

1. Funl Describe the mo; fun or inte
most challenging parts. It your robc
why.

2. Strategy: =ik /our team’s strategy and reasoni 12
-hfrumrﬂumu missions

3. Design Process: J;‘Jazrrl e NowW your team desig eré U 'bo’gc.and what
PrOCESSs you used to make improvements to th ~ design over time
o

4. Mechanical Design: =] i[R{eldg[=5 U/ Ao
you make sure your robot is d_.JuJM mJ 193 Joil
add/remove attachments.

T HDesceribe how you progra

results. _

m r)ru“r of robot Jd}
has a name, who chose't

VZ

res
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6. Innovatlon Describe any fe
Special, different or especic



FLL® Robot Design Rubrics
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Beginning Developing Accomplished Exemplary

Durability Evidence of structural integrity; ability to withstand rigors of competition

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

excessive parts or time to inefficient parts or time to appropriate use of parts and streamlined use of parts and
repair/modify repair/modify time to repair/modify time to repair/modify
Mechanization Ability of robot mechanisms to move or act with appropriate speed, strength and accuracy
for intended tasks (propulsion and execution)

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

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

http://www.firstinspires.org/resource-library/fll/judging-rubrics
16



Chassis Durability

Evidence of structural integrity; ability to withstand rlgors of
competition >

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

* I'hings to ask about your robot:

» Does my robot stay togetr
* Does my rgbgr Nave exc
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Chassis Mechanical Efficiency

> Can the batteries be change/charged easily?
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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

19



Chassis Mechanical Efficiency
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/en robots that self correct position need to have a con:
Larting point

* Proper starting rJ‘Q;"]"r']c,}r cludes powered mechanisr
attachments, everything must :;,.arr within base

» Alighment tools, such as robot bumpers _.m.l/}f
property and consistently usea .



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

ng turning

cha 1ri§;;; icks up loads?
* Do c e robot e-wmd t r)r)mJ Jﬂé?“ rp turns, stops, or in
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Chassis styles

JUAE= i gle e a5 = usually fine if no ramps to climb

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

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

* 4 wheels (4-point design) - ofi=yl dij eilai w/w out tires to slide
while pivoting

SR E e areer thar LL robots, robot must fit in base.
i - stable, can be 'rja t turn:
2 Giles - walking, to build, inconsistent movement



Chassis mobility

o

f"-‘- - £ N o ek | et
* D1Z€C O1 CINassSIsS

the robot has to
navigate around the
obstacles on robot field



Chassis mobility

ol /i s | N

D

* Remempber, after the robot 1s built, you still n
Dattery compartment or charging p'LJJ on t
* Chassis will need places for attachments

EJ m o‘fc}r “m,J SEensors Sr

» Wires from l‘)“d

they don't cat

L



Chassis mobility

|

>) E Ovwel

* M\ore precise
* More torque

 Big gear on motor and little gear on attachme




Wheels, Tracks and Axle tips

Iracks
 Low FEriction/High Slippage
* Motion and lTurns not repeatable

L

S g0 further per revolution

» Friction varies with different v\/heeLﬁ
.

_onsiaer how. ‘they pivot turn a

» | arge wheels

» Wheel Axle Support
* More auppc)rz, La_f;z; Wigg
» Support from both sides 1



Wheel support




Wheel Support - Poor

Wheels should be mounted close
[l | | ¥ |
[0 supporting beam, but not

‘uUppInNg against 1t
-4 -

>

-

2 full bushings
and 1 half bushing



Wheel Support - Better

1 halve bushing

3M Beam with 2
black friction pegs




Wheel Support - Best
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Building to go straight




Robot placement

Hnynd~tzleermumv Of' conta
front/back positions correct
» Jig / Alignment tool can't int

L

move
* Table walls may vary. S mat is
¢waf\NaLLiﬂJEEE c;chw are center, and north falls

wherever



Three types of turns

L

~

I'he robot will turn when one w | moves at a dlrrer

‘rom the other

The greater the difference in wheel spee

PInpoint - robot 5,Jm:; around a point (tank tur
Pivot - robot turns about a fixed wheel
0 _

Urved - robot turns about an arc



Pivot turn left

//4@ the right wheel

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

Reduce

e R [
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_ r(‘ ( = ac T
ove tires from rims
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Pinpoint turn

% te the robot around
t e mid-point of the axle.



Curved turn




Navigation methods

¢
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* Horizon tal guide wh ee‘

following

U'C

atlow angle

*EVS5 Gyro

» Countering Draft (Covered in Programming clinic)



Navigation methods

* Line following
* FOor gre C
MUCH as POSS1DLe
py the light sens
» Calibration can help to re
external lighting, but is Jar.d “

test a | |

C))

o’

 D——

ght sensors tend to f#JIJ
of two) tends to J‘-’ less
» [ake advanta
mission - not a g

oe O
J“-—‘



Online

Lego Educational:

BrickLink:
Brick Owl:

Gears:
LEGO® Digital Designer:

* Techbrick:
* BrickSet:



