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1

Start numbering
with the page of the
Introduction
section.

Abstract:

Avoid. Basically 1st person.
This report goes over the design chosen by Team 2 for the RoboX competition. The

RoboX competition requires a robot to autonomously navigate a playing field; deliver and

retrieve items; avoid obstacles; and return to start zone. The final design prioritized the points

Too

that were the most valuable for the competition based off the HOQ and Spec Sheet. The problem general

understanding section uses the HOQ, Spec Sheet and Function Tree to conclude the most
important requirements for the competition. The concept evaluation uses an evaluation matrix,
alternate designs, and a morph chart to show the how the final design was developed. Lastly, the
design performance evaluation section uses the result of the competition to draw conclusions

about the final design and improvements that can be made.

[The abstract should summarize what is presented in the report, including key results.]

Here, that would be a 1-2
sentence overview of the design
and a summary of the competition
results.
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[Why the extra space?]

Section l:Introduction:

Avoid. Basically 1st
person. Too team-centric.
This report is about the design, for the Rob@ competition, made by design team 2. The

What
competition is a challenge given to engineering students to design, build, and program a robot taSkj'-: You
need to
that can complete a series of tasks with the purpose of gaining as many points as possible. The ~ €XPlain the
' contest and
: : : . : engineering
tasks involved delivery, retrieval, and navigation. Team 2 had to evaluate which tasks were the  challenges
7 to your

most important to accomplish. Then create several designs and test porotypes before eventually reader.
choosing a final design, which would then undergo a more intense design process. The remainder
of the report will include an overview of the final design in Section 1; a walk-through of the

roblem understanding process in Section 2; an evaluation of the other concepts and designs
p gp p g Good
used in Section 3; a performance evaluation of the robot in Section 4; and conclusions about the

design in Section 5.

Section 1: | A/\Q Without
explaining
= . . o . . the contest
§ Team 2’s final design was based on simplicity. It was decided that the design would only aphove,
— your
= deliver 3 ping pong balls, retrieve 2 small beacons, and port and dock. It is driven forward with a reader
won't know
contact wheel and uses two servo motors to open a door and lower a retriever arm for the ggﬁtsthese
e
- : . mean.
5 beacons. The robot was driven by a contact wheel for approximately 4 seconds, then the code
= would wait a certain amount of time to open the servo to deliver the ping pong balls. The motor
)
> would then reverse for about?5 seconds, and then the servo connected to the retriever arm would
o
X

Rk b A od

rotate the arm to the ground. The robot would then drive backward for about 2-3 second, and

then stop and rotate the retriever arm back up to deliver the small beacons to the data center.
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[Label parts according to their function.]
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[Figure #: Caption]

Section 2: Section Title

designing. The competition presents a variety of obstacles including the rules of the competition, task No need to
highlight table

hierarchy and conflicts, and budget assessment for materials. A specification list, shown in Table 1, washumbers.

created to help define all requirements for the competition. The robot must not exceed 12 x 24” x 18”

and must fit in a 2° x 2’ start zone. For each run, the robot must return to the start zone in less than 30

seconds. The House of Quality tool correlates the customer requirements and engineering characteristics

to form a better understanding of the functionality of the robot. Table 2 shows that the most important

requirements to team 2 are autonomous operation, robot dimensions, detect and deliver, and beacon

retrieving; as well as the least important requirements, which are aesthetically pleasing, robust to minor ,\if\@

" Yoo~ ¢

deviations, and to can operate on stage with three other teams. Team 2 also developed a function tree,

[Avoid chronological, narrative construction]
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4

No need to highlight figure references.
which breaks down the main functions of the device. As seen in Figure 1, the main functions are motion,

ping pong ball drop off, and tabasco bottle retrieval.

Tablel: RobotX Specification List

Final Project RobotX o orehe
Changes | D/W | Requirements Responsibility | Source
Geometry
D 12" x 24" x18" N __n n Desigh Team | Contest Rules
W 107 %227 x 16"~ ¢ o~ o~ ¢ Design Team | Design Team
D Must fitintoa 2’ x 2 Design Team | Contest Rules
W Move approx. 22" to outside ring Design Team | Design Team
W Move within approx. 13” between buoys Design Team | Contest Rules
D No weight limit or restriction Design Team | Contest Rules
Operation
D Operates <30 sec Design Team | Contest Rules
W Collect 4 tabasco bottles (Small beacons) Design Team | Contest Rules
EX p an d W Collect 2 bowling pins (Large beacons) Design Team | Contest Rules
l l w Return beacons to data center Design Team | Contest Rules
D Keep buoys in place Design Team | Contest Rules
W Device must return to start zone Design Team | Contest Rules
W Deliver 3 ping pong balls to outer ring Design Team | Contest Rules
W Deliver 3 ping pong balls to inner ring Design Team | Contest Rules
Time
D Set up in 4 minutes or less Design Team | Contest Rules
D Complete tasks in 30 seconds or less Design Team | Contest Rules
Kinematics
D Autonomously navigate track Design Team | Contest Rules
w Move forward, backward, left, and right Design Team | Design Team
Energy
D One arduino red board Design Team | Contest Rules
D One motor driver Design Team | Contest Rules
D One large motor Design Team | Contest Rules
D One small motor Design Team | Contest Rules
Signals
D Activate from 1 pushbutton switch Design Team | Contest Rules
D Use code from Design team Design Team | Contest Rules
Materials
W Heavier materials for sturdy base Design Team | Design Team
W Lightweight materials for extended parts Design Team | Design Team
Cost
D Total cost less than $100 Design Team | Contest Rules
W Total cost less than $50 Design Team | Design Team

[Why the extra space?]

Table 2: RobotX House of Quality
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(Table #: Caption]
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sl |z &8s |2 |2 |2 |£|s|5 |5 |32]|s
] ] =3 £ 5 ] £ £ = : i 2 2 5
s |12 |2 |8 |8 |2 |2 | /|38 A1 & |8
Set up in 4 minutes A A A 0 A (o] 0 (2] 0 (o]
9 | 81 | 50 |Complete tasks within 30 seconds [c] 0 o] 0 0] o]
9 | 81 | 50 |Under 18 inches in height (o] 0 (0] o] A
9 | 81 | 50 |Under12inches inlengh (o] 0 (0] o] A
9 61 50  |Under 24 inches in width [c] Q 0 A A
3 a7 3.0 |Leave track undamaged ‘ 0 ‘ A A
a 48 4.0 |Activate with start bution .‘ 0 .‘ ‘ 0
8 | B1 | 50 |OperaieAutonomously 0| 0| O | 0| 0| A | A 0
9 | 48 | 40 |Total Costless than $100 (o] 0 o] e 0 0 A o
g 438 40 |Electrically powered A 0 0 E) 0 0 0
9 7 3.0 |Repeatable functions 0 e 0 0
9 7 3.0 [Repeatable functions 0 e 0 0
9 6.1 50 |Score as many points as possible (o] A (o] A A A (8] (&) (2]
3 | 24 | 20 |Robustiominor deviations A (o] 0 0 o] (0]
3 24 20 |Operate on siage with 3 other teams 0 A A A 0 A A
I} 48 40 |Leave 2 bouys unmoved A 9 .‘ 0 0
9 49 4,0 |Collect 4 small beacons (tabasco bottle) 0 0 A 0 A 0 0 0
9 37 3.0 |Collect 2 large beacons (bowling pin) (5] 0 A 0 A 0 (o] 0
9 8.1 50 |Deliver 3 ping pong balls to center cylinder e 0 ‘ 0 A 0 e 0
9 | 24 | 20 |Aestheticallyappealing 1 o] (0]
a a7 3.0 |Safe during operation {\‘\&40\“\ ‘\/3 \_ A (o] A
Return beacons to data center e 0 0 0 0 0 0 0
@ @ @ c: - =
g g g . o | a £ £ | 2. | ¢ 2 o
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Figure 1: RobotX Function Tree

Section 3: Section Title

Besides the final design that was presented in section Il, there are two alternate RobotX designs
created by team-2. As seen in Table 3, a Morph Chart was formed to assist in constructing these designs.
This design tool presents solutions to the variety of functions RobotX is expected to perform. By
combining different solutions, three distinctive designs were generated, the final design, and two alternate
designs. The first alternate desig@hown in Figure @ses a puIIey@yStem attached to the DC motor and
rear axle. The device carries the ping pong balls over in a basket and uses an extending arm to push the o Sl
basket down and then release the ping pong balls into the center ring. Team 2 recognized that this design \OQ%Q“[\

presented multiple build challenges and would interfere with the competition rules. M
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Figure 3 shows that alternate design two has the DC motor directly spinning the rear wheel, and
the ping pong balls resting on a rail at the end of the arm of the device. When the robot approaches the
edge of the ring for ping pong ball drop off, the ring will push on a bar that will come up through the rail
triggering the ping pong balls to fall into the center ring. Alternate design two also accounts for tabasco
bottle retrieval. There are two moving arms attached by a bar that drops behind the tabasco bottles and &d W
P L
drags them into the start zone. Team two recognized that by connecting the motor directly to the axel> @&\

would create issues with balance and only allows one rear wheel. An evaluation matrix, was formed to N&\

numerically break down the functionality between all three designs. This design tool assists in comparing SPD ?

customer requirements of the 3 possible designs. Table 4 will show that as a result of the numerical ®\w\)
\
conclusions, a final design was K@ A
N W)
S
chosen. igure 2: Alternate Design 1 L X
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[Figure #: Caption]
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Figure 3: Alternate Design 2

[Why the extra space?]

[Label parts according to their function.]
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Table 3: RobotX Morph Chart
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CustomeriRequirements

These should match the HoQ
Must@it@vithinE 2"X@24"X.8" 4 4 4
Operateslless®han@B0@econds 4 4 4
MoveRpproximately22"RokheRutside@ing 4 4 4
CollectBs@anyibeacons@s@ossible 3 2 1
Return@eacons®o@ataenter 3 2 1
Dolhot@isturbefouys 4 4 4
Set@ApAnREninutesBnd@5Beconds 4 4 4
Autonomouslyfhavigatefrack 4 4 4
Moveforward,@ackward,deft,@nd@ight 4 4 4
ActivatedibyBpushbuttonBwitch 4 4 4
Costess@hanE100 4 3 2
NoBveightlimit@restriction 4 4 4
Devicef@nust@eturn@oBtartone 4 4 4

Absoluteotal 204 193 182

Relativeotal 0.962 0.91 0.858

Section 4: Section Title
The Robot’s performance merited it the semifinal rounds of the competition} but'lacked
ability to win. The robot could gain dock, deliver all three ping pong balls to the center circle,
Qq
and retrieve two Tabasco bottles to the date zone. In the first round@m After the first three) )
rounds the robot began to fail, not moving at all. The robot failed do to electrical issues with the \W\/‘Q
(

A\ YO
wiring. The choice to have multiple different programs for the robot was useful for acquiring ? N Y S\

o
poin@)ut proved challenging when the computers ran slowly or if the code was not entirely N S XSS’
AN
S
accurate for the changing environment. No points were lost in going after only two Tabasco d
bottles. Avoiding completely entering the center ring prevent the robot from undergoing any g(

damages or point loses do to other robots. Most assumptions made from the HOQ and Specs DY
(_’\
were correct. The only failures were equipment malfunctions. The equipment that failed was the

required equipment and could not have been replace or improved during the contest. The second
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A N
ZD \%@@/ >

e

incorrect assumption was that the competition field would be the same as the testing field. The> 5@@\ o\ 2
playing field was not the same as it had been during the testing round because of the changed
environment. To gain more pointsggm design could have attempted to collect all four Tabasco

bottles or the boiling pins. UItimateI)@hese design choices still would have required too much

time to build and program with too high of a risk of losing points. Overa@he final design chosen

was the best fit for the competition.

Section 5: Section Title : : :
Don't reference sections, figures, or tables in the

stay formal conclusion.
This report goes over the final design by Team 2 in Section 1; the problem understanding

in Section 2; the concept evaluation in Section 3; and the design performance evaluation in
Section 4. The robot could complete all its assigned tasked and make it into the semifinal rounds
until equipment failure. For the final design team 2 chose the best fitting applications to gain the

most points. The problem understanding goes over how the HOQ and Specification list showed

. . . ) ] general.
that the most important customer requires were to have a device that can dock, deliver ping pong

balls, and retrieve Tabasco bottles. The concept evaluation shows the alternate designs that were
used to develop the final design. The design performance evaluation reviews the results of the
competition and concludes that design was a good choice for the competition but better

equipment should have been used.
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