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We hope this document provides you with insight into our design process, including the steps we take to

apply what we have learned before and dursngd afterthe build season to iprove the design of our

robots. Due to the fact that we have many close partnerships with our valued sponsors, most of which

are engineering companies, Wwave created andébllow a design process based on those used by our
sponsors We believe this makesur process very real and practical the d NBvoritlE Sy @ANB Y YSy i a
we will soon enter

Design StatemenfTo create a robot that is fast and also can provide high torque, has the ability to grab
and placeall game pieces, ang create a minibot that can, at mimium, be deployed andraverse the
tower within the allotted time




OPPORTUNITY AND INNOVATION
a. FALL DESIGN PROJECTS
i. CHASSIS ASSEMBLY INSTRUCTIONS
i. TRACTION TESTS
iii. SWERVE SYSTEM DEVELOPMENT
iv. CHASSIS ANBELT v. CHAIN
b. REVIEW LESSONS LEARNED

CONCEPT DEVELOPMENT
a. BRAINSTORMING
i. RULES
. STRATEGY
iii. PAST ROBOTS
iv. MATRIX RUBRIC
V. KEYS TO GAME
b. DETAILED CONCEREATION

PRELIMINARY SIEN

a. PROTOTYPING
b. INITIAL DESIGN
C. SUBSYSTEM DEVELOPMENT

CRITICAL DESIGN

a. INTEGRATE SSBSTEMS TO SATISFY DESIGN STATEMENT
b. CRITICAL DESIGN REVIEW
C. FINAL DESIGN

PRODUCT REALIZATIO

a. FABRICATION
b. MODIFICATIONS DURING BUILD
C. FINAL EVALUATION

i. TESTING

. TWEAKS

IN SERVICE/COMPETITION

a. OPEN HOUSE

b. WISCONSIN REGIONAL
i. ADJUSTMENTS
i. REPAIR

C. BOILERMAKER REGIONAL
i. ADJUSTMENTS
i. REPAIR

d. SMOKY MOUNTAIN REGIONAL
i. ADJUSTMENTS
. REPAIR

e. CHAMPIONSHIP




7. LESSONS LEARNED
a. ROOT CAUSECORRECTIVE ACTIG®HAWAKA DIAGRAM (FISHBONE)
b. ORGANIZATIONEBHARTReview of all areas)
i. WHAT WE DID WELL/SHOULRAGAIN
i. WAYS TO IMPROVE
iii. WHAT WE SHOULD NOT DO AGAIN

1. OPPORTUNITY AND INNOVATION TOP

No matter what time of the
year it is, Cyber Blue is always in o
of the stages of the design process
as we strive to better ourselves and
support FIRST asadnole. During
the summer and the fall, we are in
the Opportunity and Innovation
phase of the Design Process. Duri
this phase, we evaluate what we did
last season to determine what we
did well and what we could do
better. Once this is determined, we
work on projects that can help
improve upon the items that we
think we can do better. Every year,
we incorporate a fall project to

evaluate things that might be useful"
—_

for the upcoming season.

When the January 8 kialff finally arrived, one of the bisst and most exciting 6 weeks of our
high school careers began. We went back through what we had learned in the off season to see what
we needed to keep in mind as we put our knowledge to practice and focused on the new game
challenge. By the time we wethrough the first week and a half of designing, we determined that we
wanted a quick, simple, and maneuverable robot.

This is the 221 LLC chassis that we
created assembly instructions for
during the fall of 2010. This is the
second project we have completed for
the company, following on from the
Hnandg a2AfR {6SNBS




Beginning in 2009, we have been identifying specific goals for the desigaasulin order to
accomplish more of what we believe meeded for us to continue to grow and learn in our design
knowledge.

Design Team Godisr 2010¢ 2011

1. Consistent drawings
a. All necessary views
b. Font sizes
2. Improved Bill of Materials for Internal Use
a. Part numbering
b. Marked finished drawings
3. Communicatia between manufacturing and design
a. Student Runners
4. Dispersion of tasks in sttbam
a. New members doing as much as possible
b. Targeted mentoring

RUBOTICS

Steps
e




2. CONCEPT DEVELOPMENT TOP

The final agreed robot concept included:

1. Autonomous
a. Score Ubertube
b. Move towards feder station
2. TeleOperated
a. Score top peg as focus
b. Score middle peg after top
c. Pick up tubes anywhere
d. Drive
3. End Game
a. Deploy minibot
b. Score after deployment
4. Size
a. HT¢ E oTé¢ E pohé
b. yné 5AFYSGSNI
5. Scoring
a. 3pts for top pegs
b. 2pts for middle peg
c. 1pt for batom peg
d. Ubertubes double tube over it
e. MakingFIRSBymbol doubles pts
for that row




Cyber Blue has, for many
years, followed a general
process of going over
every rule for each game
before we begin any other
discussion. We look
especially close atll of
the penalties that can be
awarded and any rules
that are major changes
from past years. A major
part of our design is
always to avoid these.

Our team also looks at the
different ways to score
points in each game. We
then assess which of these
methods are the best
based on how easy it is
and on how many points it
is worth. With this
information, we formulate
strategies that we could
use during the competition
season. After we have
basic strategy ideas, we
create a design matrix that
places poitvalues on

each aspect individually.
From this matrix, we
develop more detailed
concepts of the robot we
will begin to design.



3. PRELIMINARY DESIGN TOP

After all of our brainstorming, T woen | commmans | CHARMAN'S
. AWARD AWAR
we begin to create a more structured S ! oo | e, | souBieen

REGIONAL | T L REGIONAL

concept of the robot we will tild to
accomplish our priorities. Our team |
splits into groups that are filled with
varying experience levels of membersss
to get a variety of ideas. These group
make sketches and blueprints of thei
ideas and explain them to the whole
team. From thesealeas, we start to
create prototypes that will move us
toward our final robot. From some of
these prototype ideas, we make
Inventor models of the ones we all
like to get a better visual for its
strengths and limits.

Usually, there is one idea that seetoscome from almost every group. These ideas give us an
idea of the overall feelings of the team towards what we should start prototyping. This process assures
that the final robot is a design and system that the majority of the team supports.




4. CRITICAL DESIGN

Every year, we host a Critical Design Review, or
CDR, for the engineering professionals of Allison
Transmission and Rolls Royce. We prepare a student I«
presentation to explain our design, and the review pane YS#A-’:%‘.&‘
provides us with their mfessional feedback so that we r @,
can improve upon what we already have. This helps us
refine our design and make it the best robot we can.

This year we chose to have a fast and
maneuverable robot that can score on all three pegs with any type
of tube. We kept our design simple and maintainable for quick and
easy repairs.

To help in our drive system selection, we had the drivers of our
2007 robot come in and talk
to us about the pros and
cons of a évheel drive
robot, because none of the
current student team
members had been a part of
a 6 wheel drive design. We
ultimately selected a-@vheel
drive Chassibecause it is
faster, lighter, and has a
mhz‘ better turning radius than
our other alternatives.

In thedrive, our center wheels are being driven by 2 CIM motors combined through shifting gearboxes.
¢tKS OSYUiSNI gKSSta INBE RNRBLIISR I mkmcé FNRBY (GKS 240
improves turning capability. The other 4 véhe are connected to the main drive wheels by #25 chain.
Our chassis is welded together for strength, as is our tower.tdviagr is connected to our chassis with
bolts to give it a small level of flexibility in case of a high impaent.
We have two window motors that move oarmup and down and a potentiometer to measure
and limit how high or low the arm can travel. A gas charged cylinder provides a lifting assist and
dampens the movement in both the w@ymd down directions. Our arm is slotted to reduce the weight.
We use two threeposition pneumatic cylinders to raise and lower the angle of our gripper.giipeer
also uses a pneumatic cylinder to close the graspindhar@sm over the tube. Also on the gripper, we

have a slider plate and two caster balls to i E

allow the gripper to slide across the field




5. PRODUCT REALIZATION

Now that we have the overall design of the robot, we make drawings of each inglipigrt so
the manufacturing team can begin making the final pieces.

2 W 1
PARTS LIST
ITEM | QTY | PART NUMBER | DESCRIPTION
1 1 [2011_pos3
_Top
Bar_Manipulator
2 1 [2011_D079_Grip
perAssembly_M
anipulator B
3 2 [2011_0o78_Mid
dieRaller_1.6inL
ong 85inDia_Ma
nipulator
4 1 [2011_0089_Bac
kRoller_1.5in_M
anipulator
5 1 [2011_0090_Fro
ntRaller_,86in_ =
Manipulator
[ 3 |Urethane Cord
7 1 [Bimba-BRT-091-
D_BRT-09-D-Ma
inBody
B 1 [Bimba-BRT-091-
D_BRT-08-D-Ro
d
9 1 [D-266-1_Bimba A
_Piston Rod
Clevis
10 1 [BaneBat
Gearbox
11 1 |BaneBot Motor
Drafter: Jordan [ Description: Full Gripper Assembl s
Date: 2/19 | File Name: 2011_0097_FullGri bl Jam [Rev# 0
2 3 1
2 & i
[+—2.05—]
=—2.00 —=
l—1.75 —|
1.10f—] 2 2
75| Q)
#.50 M7 2
5 \\ [v1 o 3
.406 THRU } 2,625 @
I
|
©.281 THRU TYP—+{ t 5.125
| 5.875 [
| 6.77 [
| & o 9
| .
@.50 THRU | . @ °
l—\ } . =3
|
T
Tt A
.05 .41
T
115 o014 5 &
i il I
* 1 2" x 3" 1/8" Wall
LAYOUT FROM |4 g8 @.14 TYP X
BANEBOT 21;' . / g
MOTOR 2 Aluminium
—2.72
Channel
Drafter: Jacob ‘ Description: Vertical Support

Date: 2/6/2011

el
ipt [Rev# 0 B

| File Name: 2011_0035_SideSupport.|
2

1

This is an assembly drawing. We use these to assig
GKS FAyLrf FraaSvyofte 27
221¢ K2fR& | RN}gAy3a 2
the front of the book, theres an assembly drawing of
our whole robot showing the suassemblies and
where each suiassembly goes. The following sectio
contain a drawing of each piece part and each-sub
assembly in the order of how they are labeled in the
parts list.
Each drawingsilabeled with the Drafter, Date, Part

Description, File Name, Signature Block and Revisig

Sanples of piece part drawings, read
for the manufacturing team.

10.75
9.75
8.25
~——r»1.00 1»"“‘7"—"
T 1.00
77777777777777777777777777777777 T | s b
L )L .281 BOLT CLEARANCE 125
$.375
@.281 BOLT CLEARANCE —
Drafter: Jacob [ Description: Gripper Support Bar | Engineer's Sig
Date: 1-29 \ File Name: 2011_0033_GripperSupportBar_Manipulator.ipt Rev# 0
2 1



Our anodized finathassis

A render of our finatobot design!




6. IN SERVICE / COMPETITION

TGP

At the end of the build season, we host an open house to show our community all that we
accomplished ovethe six weeks.

I Ol YRAR LIugcinpetifioh roliotvaiféwshours before it
was placed in the crate for shipment to our first competition site.




Although our design work may seem to be complete, our design process continues. We are attending
the Wisconsin, Boilermaker and Smokey Mountain Regionals. If we qualify, we will also attend the
Championship Event in St. Louis, MO.

Our design process continues through these competitions. We strive to continually learn and improve
our robot as we progress through competitions and make changes and improvements to address issues
that arise or new ideas we can add. We learn from ourpetition experience, and also learn from

others about changes we can incorporate. Each year, the robot we compete with at the Championship
event is different and improved from the robot we shipped in February.

7. LESSONS LEARNED TOP

Atthe end of the compett 2y a St az2y> FyR 3FAYy SENI& Ay GKS FI £
activity. We highlight what we did well (and should try to do again), ways we need to improve, and what

we should be sure to never do again. We do this twice so that we can indudgaaluating seniors in

the spring, and our new team members in the fall.

{2YS 2F GKSaS AdSyvya gAfft RNAGS | aw22d /I daAasS k [ 2
cause of the issue is so that we can correct it (wire crimping in a priorrsed@her items help us

identify new skills or capabilities we need to learn and help define our summer and fall projects (swerve

drive system, field build).

These activities put us back in the process at Stépnbyation and Opportunity As we complete

these projects, we draft papers and presentations to document what we have learned and to share with
others in the FIRST community. These documentation steps help us create a good record of our work
while also hading others.

And then, it is January again, and we are quickly $tep 2.



TOP

Design Book; Major Assemblies and Piece Part Design Drawings

| Engineer's Signature:

Description: Full Robot

File Name: 2011_0062_FinalRobot.iam

Date: 2/20/2011
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1" x 1" 1/8" Wall
Aluminium Channel

Drafter: Jacob | Description: Outside Upper Bar | Engineer's Sig

Date: 2/12/2011 | File Name: 2011_0059_BoxChannel_35inXtinX1in_Chassis.ipt

: 7

1/8"
Aluminium
Channel

Drafter: Casey | Description: Chassis Bumper Mounts | Engineer's Sig

Date: 2/19/11 IFIIe Name: 2011_0058_BoxChannel_3.5inX1inX1in_Chassis.ipt

v - [

2

1




Top View

1/8" Aluminium Channel

?.281 TYP THRU
Front f

—

2.875 ——+|

28.25

29.00
30.875
32.125

35.00

Drafter: Casey | Description: Bottom Right outside | Engineer’s Signature:
Date: 2/10/11 [ File Name: 2678554 82BoxChannel_1inXLinX35nOutSideRight_Chassis.ipt | Rev # 0

2 [y 1

1/8" Alum. channel

Drafter: Nick | Description: | Engineer’s Signature:
Date: 2/11 | File Name: 2011_0045_BoxChannel_1inX1inX27inBack_Chassis.ipt | Rev# 0

2 4} 1




Top View

1"X1" 1/8" Aluminium Channel

Drafter: Casey | Description: Front and Back Chassis | Engineer's Signature:
Date: 2/11/11 [File Name: 26795808 _BoxChannel_1inX1inX17inCrossbar_Chassis.ipt [Rev# 0

2 4} 1

¥

1" x 1" x 1/8" Aluminium

TOP VIEW

35.00
30.875

28.25

[=—6.00

._ﬁ
Tl:_—__

\—¢.281 TYP BOLT CLEARANCE

Piece part of an assembly, so
adjustments must be made

Drafter: Jacob | Description: Bottom Outside | Engineer's Signature:
Date: 2/11/2011 IFIIe Name: 2011_0049_BoxChannel_1inX1inX35inOutSideLeft_Chassis.ipt IRev # 1

2 4} 1




Top View
1/8" Aluminium
FI‘OI"It /—¢.281 TYP THRU Channel

20.6875

21.50
23.00

35.00 |

Drafter: Jacob | Description: Inside Bottom Left | Engineer’s Signature:
Date: 2/11/11 [ File Name: 2678 554BaBoxChannel_1inXLinx35inInSideLeft_Chassis.ipt [Rev# 1

2 [y 1

2

1" x 1" 1/8" Wall
Aluminium Channel

©.281 THRU TYP

otk
50312

Drafter: Jacob | Description: Inside Right Lower | Engineer’s Signature:

Date: 2/12/2011 | File Name: 2011_0043_BoxChannel _1inX1inX35inInSideRight_Chassis.ipt

: 5




1" x 1" 1/8" Wall
Aluminium Wall

Drafter: Jacob | Description: Bumper Mounts | Engineer's Sig
Date: 2/12/2011 |FIIe Name: 2011_0071_BumberMount_1inX5.5inX,125in_Bumber
2 Chassis.ipt AP

(.281 THRU TYP
!_
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2" x 1" ALUM CHANNEL

- [~-.250
25
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2 IN x 1 IN Aluminium

Drafter: C.). | Description: Center Block | Engineer's Signature:
Date: 2/19 | File Name: 2011 0012 _Center Block 2 In x 1 In x 1 In_Drive, |Rev# 2

2 Chassis.ipt 45 1

1" x 1" Solid
Aluminium

Drafter: Jordan | Description: End Block | Engineer's Signature:
Date: 2/6 | File Name: 2011 _0011_End Block_1 In x 2.25 In x 1 In_Drive, [Rev# 0

2 Chassis.ipt 4; 1




1/8" Steel

.218 Drill to
Fit Set Screw

i

\.
Ves/

Drafter: Jordan ]Descrlptlon: Tensioning Bracket | ineer's Sig

Date: 2/6 |FIIe Name: 2011_0052_TensioningBracket_2inX1inX1.125in_Drive,

2 Chassis.ipt Y

1/8" Wall
Aluminium L-Channel

J_f_
1.00
i

~1.00

Drafter: Jordan | Description: Battery Support Mount | Engineer's Sig

Date: 2/9 IFIIe Name: 2011_0073_BatterySupportMount_1inX1inL-Channel_Chassis.ipt

2

v+
1




Sl
= 1/8" Aluminium
Channel

Drafter: Casey | Description: Front and Back Bumper | Engineer's Sig
Date: 2/19/11 | File Name: 2093U6602_FrontAndBackBumperMount_1inX1in_Chassis.ipt [Rev# 0

2 AP 1





































