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The Star Wars'sompetition is a contest in which Engineering students are asked to
construct a robot that autoromously and electronically is able to move objects and place them in
the correct positions. If these objeets-are in the correct position then the team receives points for
it. In order to get these points, f has to review several designs and choose which one
would fit with the specifications “of the game. After two alternative designs, a final design is
choose that can complete this tasks. The theme of the competition is Star Wars, therefore all of
the objects’ names are associated with Star Wars. For example, aluminum foil balls will
represent the force, sponges will represent TIE ﬁghtergaﬁ_é@The chosen design is capable
of moving these objects in the right position using mechanisms, electronics, and a
coding language. The design is composed of three fundamental parts: a force collecting gate that
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will enclose the force units, two TIE fighter removers that extends by the tension of strings
capable of sliding the TIE fighters of the board game an L shape arm or proton torpedo deliverer
that goes over the exhaust port and releases the torpedo/key chains. Furthermore, the
construction of the design was based on usage of the house of quality, specification sheet,
function tree and an evaluation matrix. These design tools were utilized in order to gain a
complete understanding of the problem and to make an ultimate choice on the final design.
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[The abstract should summarize what is presented in the report, including key results.]

X
l. Introduction: f&\‘\@\W
Engineering students were asked to design a robot capable of operating electronically, by g
program. This is not a simple task for the students since they had to learn various skills which T
! . X g . o X
include using sensors, electric motors, and writing codes for the device to operate. Students were \ & .
. . . . . . &
provided with python coding language, a pyboard, which runs the code and transfers information C
to the DC motors and sensors. With these provided tools engineering students then needed to N

create a design capable of completing every task. These designs will contain mechanisms that are x&
operated autonomously by the pyboard and the coding language. More specifically, the robots \9\&@\*

will need to place the “Proton Torpedoes”, also known as the keychains, in the “death star” or 3 \\@@
“exhaust port”, learn how to “use the lightsaber and the force” by placing the bowlng pin and o
tennis balls on the jedi traming zone (a 6’ by 2’ rectangular zone), “save droids” (plastic toy &
blocks) by placing them completely into the team’s zone, and finally destroy the “TIE fighters” S

. . . - /\&\ X\&
(sponges) by knocking them out of their zones. To accomplish all of these tasks, several \ o
alternative designs were reviewed until an ultimate design was chosen that is simple and could [ p<'> | ¢
potentially get the most amount of points. The design consists of various main components: &S

N\

torpedo deliverer or arm that extends on top of the exhaust port at the robot’s proximity, side
wings or TIE fighter removers that also extends out, a force collecting gate that encloses the
force units and wheels capable of moving the robot close to objects. Saving the Droids or toy
blocks were not a concern since the final design focus mostly on the tasks mentioned above. The

[Number all pages starting with the introduction section.]
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robot’s components were analyzed and tested for the completion of every task
successfully. Their functionality is simple and optimal.
(End intro with "roadmap” sentence(s)]

Il.  Final Design:
3@\\ The final conceptual design moves forward and backwards to approach the objects. When
ﬁ'ﬂ «/ the robot moves forward, it pushes the bowling pin slightly so it can remains upright. The robot
AW wi is also programmed to move a certain distance in which the device stops exactly when the pivot
Q\ \@ mechanism of the torpedo deliverer makes contact with the edge of the exhaust port delivering
S the torpedoes in it. After a few movements, the robot comes at rest then move backwards in
\\sx position to drop the force collecting gate that will enclose the force units. When the force

collecting gate is dropping, it pulls on the two strings that allows the TIE fighter removers to

open. Then,ihe robot moves backwards again with the force units within the force collecting gate
and with the TIE fighter removers in open position. While the robot is moving back to the start
zone, the TIE fighter removers push the TIE fighters (sponges) off the board, while the device

gets back to start zone. The full view of the final design is shown in figure 1} el eiclor w Q;mlquq

[Move figures/tables to top or bottom of column]

TIE Fighter Remover

Torpedo Delivef\f

Force Collecting
Gate

2 A
Figure 1: Full view of the robot S \f

Q@
The final design was chosen because of its simplicity and its optimal capacity of gettlng\ d@k o
the most amount of points. This final design consists of a platform that holds the force collecting
gate, an Lo shap@arm defined as the torpedo deliverer;)and two side wings defined as the TIE
fighter removers. The robot also contain wheels that allow it to move and approach the objects.
The force collecting gate goes from about a 90 degree angle to a O degree angle, allowing the
force collecting gate to enclose the force units. The bowling pin will also be enclose within the
force collecting gate. The force collecting gate operates with a small DC motor that has a gear
attached to the axle. The rotation of the DC motor’s gear will rotate another gear connected
directly to the the frame of the force collecting gate. The force collecting gate is made out of
sheet metal, wood and paint brushes. Sheet metal is a light and strong material that could be cut
and bend easily for the making of the force collecting gate. The gate also has a frame made out
of wood enclosed by the sheet metal. The paint brushes were utilized to compose the bottom of
the gate. The purpose of the paint brushes is to ensure that when the gate drops the bristles of the
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brushes bend at contact of any surface making it easy for the gate to enclose the force units. The
probability of getting more force unit balls are higher with the usage of the brushes because the
bristles can slight push them inside/ the gate. The force collecting gate is shown in figure 1.

The torpedo deliverer ,will 'be composed of a L«shape>wood arm long enough to reach the
exhaust port when the robot approaches it and a pivot mechanisms that drops the key chains
(torpedo protons) inside the exhaust port. The pivot mechanism has a cup that will contain the
torpedoes and lever arm attached to the bottom of it. This lever arm will be attached to the main
static portion the torpedo deliverer. When the robot moves forward, the lever arm will make
contact with the edge of the e aust port causing the mechanism to launch the torpedoes in it.

Torpedo Deliver

12

@ve figures/tables to top or bottom of column]

|

Figure 2: Side view of the torpedo deliverer.

\)/\ AN

Another feature of this robot is the TIE fighter remove?s The TIE fighter removers reach
out for the TIE fighters sliding them off the table when the robgts moves back to the starting
zone. The TIE fighter removers are-gso made out of sheet metal. This mechanism opens when
the force collecting gate drops. There are two strings attachéd to the front of the force collecting
gate’s frame. These strings are pulled and through anothér pivot mechanism the TIE fighter
removers swing open. The TIE fighter removers are-attached to the robot’s platform with one
nail on each of them and with a small lever arm the TIE fighter removers open to about 50-)
degree angle relative to the sides of the platfor When the string is pull by the force collecting

gate This angle—allows ponge p the-team’s zone. The THEfighter
are in green for better V|suaI|zat|on SDQWI] Ain iﬁure 3.

(Why the extra space?]
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Force Collecting Gate

TIE Fighter Remover

Gate Motor,

Figure 3: back view of the robot’s platform.

Finally, this design contains three wheels: two back wheels connected through an axle
that will spin freely when the front DC motor moves the front wheel. The front wheel that has an
axle with a gear connected to it. This gear is at contact with the gear attached to the bigger DC
motor’s axle. When the bigger DC motor rotates the gear it rotates the other gear attached to the
wheel’s axle causing the whole robot to move forward and backwards.

b@(&\ “AIl.  Problem Understanding :

Design tools are helpful for engineers to understand problems in a more specific way.
There are design tools that help engineers understand what is the actual problem of the design by

taking into account what are the features the customers would like as well as what features RN
would be desired or wished for the design. These design tools are known as the house of quality, & i
specifications list function tree as well as others. For the star wars competition the objective is to <& 3¢
get the most amount of points by also following customer requirements, in this case, the rules of j° ﬁfs\' N

the game. The design becomes more limited when following the rules of the game. For exampl% = w\&
« __one rule_or customer requiremenb is that the device must fit within a wooden box of certain Sy NS
N dimensions if not then the team is disqualified. The engineering characteristic associated to this

et customer requirement would be that height, width and length of the device. Table 1 shows this
correlations between customer requirements and Engineering Characteristics.

[Why the extra space?]
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are controlled by the rules; therefor

Table 1: House of Quality

[Why SO qurry?]
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Another design tool used was the specification sheet. The specification sheet help decide
which features are required and which ones are desired. This planning tool help visualize who
carries the responsibility to fulfill each requirement and the source that each requirement came
from. The specification sheet is shown in Table 2. For example, the height, length, and width are
hey are demands. Also shown in the specification sheet are
some wished features that are not necessarily demands. The wishes are usually what makes the
design unique from others and improves the design past just the basic requirements.
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(Why so blurry?]

Table 2: Specification Sheet

Creae adevice that can suonomoushy move obects

Geometry

D |Height< 12" O ([ \e Design Team | Star Wars Ruks
\’Q\J"\‘U 5 a
D |Length<24 KN: S NV DesgnTeam | Star Wars Ruks
D |Width= 12" Design Team Star Wars Ruks
Kinem ati
W |Device must move orpedoss 2767 © the exhaust port Cesign Team Str Wars Ruks
w Device must mowe fie fighters 117 hade@}dsmlcmd:ﬂﬂnollﬂie Design Team Str Wars Ruk
W |Device must reach out 12”7 in order 1o pull droids into s Eriory De=ign Team 5&r Wars Ruks
Dewvice must mowe fhe ightssber backw ards 57 to gst itink pdi B
W ining zone Cesign Team StEr Wars Fuks
W |Device must move the force 207 backw ards into the jedi training zone Cesign Team 5r Wars Ruks
Forces
Allmors used © move objece must be able © move object hat B -
w w =gh upto 1B ) Cesign Team Cesign Team
W Motorused to mowve the enfire device must put out at least 40N cmof Cesign Team Design Team
torqus:
Energy
D |Device mustuse a 12V pow er supply to pow er e device Design Team Siar Wars Ruks
M aterials
\9\ W |Main structure must be able to support at least 8bs Cesign Team Ce=ign Team
u\}b O |No more than 3 moors Cesign Team Str Wars Ruks
A —
Q’C\ S — ) W Snﬂt(lh@ Cesign Team Cesign Team
)
%
W |Device must start operating w ithin 2 seconds of being acivated Design Team Cesign Team
Safety
O |Mustnot cause anydanger to bysanders within 5 of the track Cesign Team Str Wars Ruks
Dizassembly
O |Device must be removed fromthe rack w ithin 2.5 minues Cesign Team 5r Wars Ruks
Production
O |Total time to buid < 5 wesks Cesign Team 5r Wars Ruks
Assembly
O |Device must be ready st least 15 seconds prior © e round Cesign Team Star Wars Ruks
o Must b= abe o competely s=t up device w ithin 2 minutes and 45 Cesign Team Star Wars Fuks
s=conds
Cperation
Dewvice must b= coded so that t can operate swibnomoushy snd shut B
e do@ i on its o a fier 30 seconds of being activated Design Team SerWars Fuks
Costs
D |Buiding naterals < $100 Design Team Siar Wars Ruks
Schedules
O |Device must be ready for prelimnary competiten by Now. 2 Cesign Team Btar Wars Ruks
O |Device must be resdy for the Quslfing Round by Mow. 15 Cesign Team StEr Wars Fuks
D  |Device must be ready fior the final competiion by Mow. 21 Cesign Team Star Wars Ruks
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Q)
The Function Tree was also used in the development of the final design. The Function @\@
Tree is a problem understanding tool which helps engineers gain a better understanding of how @Qf“\ \
the device works and how each part of the device contributes to other parts’ function. It starts b R dX@
listing the main objective of the device at the top. Then, underneath that, it lists the next most o o
general movements the device makes in order to accomplish the main objective. From there it N
keeps listing the movements that cause the function above it to work until it gets down to the Wiy 8)\%«

most basic parts and movements the device has to accomplish. This gives engineers a better - v
understanding of how all of the functions relate to each other. In Table 3, it’s easy to see how W// Qe&@\
each function contributes to making the device achieve its overall goal.

[Why the extra space?]
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Table 3: Function Tree

Save the Galaxy
(Earn max points)

\

Destroy Death Star |

Learn to use | } |
the lightsaber Learn to use the Destroy TIE e
force Fighters T
\ I 1 | Locate Droids |
’ [
Locate ) Locate TIE .
Hold torpedoes lightsaber Fighters | Move to droids |
on robot T | Locate force | ] ,,'
i | Capture lightsaber | M Droids int
{ | | Remove TIE ove Droids into
/ Collect [Force fighters from team zone
Move lightsaber f " 1

insert Torpedoes || ¢4 training zone

into Death Star Move force to training zone Move Left, right, back,

& Forward

IV.  Concept Evaluation:

Two alternative designs were considered before deciding on the final design. The first
alternative design was designed with a hydraulic excavator in mind. The wheels were designed
using caterpillar tracks to move to the target with ease as shown in Figure 3 and 4. The arms
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extends so the bucket could scoop up the force (aluminum foil balls). The bucket would also ®\@”
drop the torpedoes in the exhaust port. This alternative design would have not been able to easily %o\!“%

accomplish all the tasks put forth. This is mainly because it would have been too challenging to @@‘

program the device to be accurate enough to scoop up each individual ball and place them into RN

the jedi training zone. Therefore the design was not chosen as the final design. \@5\‘{\
b&

(Move figures/tables to top or bottom of column ]

\qq

&J

Bucket

'ﬁ; :

[Label parts according to their function.]

[Why SO qurry?]

Figure 3: Front view of first alternative design.

Figure 4: side view of first alternative design

altemanve—deage The second arternatlve de3|gn had wmgs on both S|des of the main body that
would come forward and open to push the sponges off the board. It also had an arm that
extended with a scissor like mechanism, capable of grasping objects. Figure 10 and 11 shows the \w o\

second alternative design. The reason this design was not used was because it would not have )~ @w&k N
Y

b\xh@

O
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been able to move the droids into its territory. Also from the Third- level Evaluation Matrix the
design did not meet as much of the criteria as the chosen design.

Torpedo Deliver

TIE Fighter Remover

Figure 5: side view of second alternative design

Torpedo Deliver

Figure 6: Front view of second alternative design

(Why the extra space?]
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E Customer Reguirements f
E
10 |Use the force 3
6 |use the lightsaber 8 7 7
9 |Accomplish tasks in 3 tries g 6 [
9 |Accomplish tasks in 30 seconds 10 2 4
8 |Save Droids 3 9 7
9 |Destroy TIE Fighters g 4 [
7 |Destroy Death star 9 6 7
8 |Move back to start zone 10 0 9
10 |Fitinan 18"x12"x24" box 10 3 9
10 |Avoid falling of the platform 7 10 B
10 |Electronically Autonomous 10 10 10
10 |Cost of materials under 100 10 9 10
Total 957 598 793
Relative Total = Total/Number of Criteria 0.80 058 0.66
Pts.|Meaning
0 |Unsatisfactory
1 |Inadequate
2 |Weak
3 |Tolerable
4 |Adequate
5 |Satisfactory
6 |Good, but drawbacks
7 |Good
8 |Very Good
9 |Exceeds Req.

The final design was chosen because when comparing to the alternate designs it

completed the most customer requirements.
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V. Design Performance Evaluation 5

o
Mo
Before the final competition the robot was tested numerous times. Everything seemed to (DO_,S o
be in order but there was a high probability of error since the objects were never put in the exact OJ\@ » N
same place after each round. If the objects are in unwanted position this could potentially affect N % l\nﬂ"‘

the performance of the robot. There are many factors that could affect the robots performance X

such as gears coming loose as well as the chance that a neighboring teams robot could possibly

come into your territory and move your objects from their original position. The performance of

the robot varied at every round, in some rounds more points were earned than in other rounds. In

the first round, a lot of points were achieved since the robot ran as it was supposed to but the

force collecting gate got stuck on top of the of the force. Therefore when the robot began to

move backwards, it was unable to contain most of the force since the gate failed to come down

far enough leaving all but one the aluminium foil balls behind. This also affected the position of

the force collecting gate that later needed to be readjusted. Even though the force collecting gate

did not worked as suppose to, the TIE fighter removers were able to extend and knock the TIE

fighters off the table. The torpedo deliverer was able to get all the torpedoes in the exhaust port.

All these achieved tasks totaled to 40 points being greater than all 3 of the other teams’

performances. During the second round>the robot ran as it was supposed to but the string

connecting the force collection gate to the TIE fighter removers got hung up on top of the

lightsaber (bowling pin) preventing the force collection gate from coming down all the way. This

also prevented the TIE fighter removers from fully extending. For this round only one TIE

fighter was removed but the torpedoes were delivered successfully. For the last round the

torpedoes were delivered and the TIE fighters were not knocked off of the track as they were

supposed to be. However, the robot failed to collect any of the force because the string got hung

up on the bowling pin again. Therefore, the robot did not earn enough points in the last round to

move on to the next rounds. v
The force collecting gate did not work at the competition since it needed to be larger and »

it needed to dropped with precision to contain all the force units. The force collecting gate would | 4

work in some occasions but it would contain only very few force units. In order to collect the O @

most amount of force, paint brushes were place on the bottom part of the gate. This allowed the @\\u\
gate to sweep some of the force units within the gate and sometimes keep some of the force units’ wv- 3 )
betweens the brushes’ bristles. The results of the competition showed that the the force collectin F S
gate is not ideal since it needs to enclose a larger area to ensure more of the force units to be \9* o
dragged into the jedi training zone. Another feature that could have been added to the robotis a | < &
arm powered by the stepper motor that grabs the bowling and pin and releases it on the jedi \P\&“ @5}
training zone. The torpedo delivering system never fail during the testing and during the o

competition. This feature would be kept intact for the improvement of the robot. The TIE
fighters were knocked off from the board game but sometimes the robot would not get them off.
The general improvement for the design is to get a larger force collecting gate or gate able to
extend to enclose the force with more precision. The precision needed for the force collecting
gate can be enhanced with sensors. For example, as the robot gets to a certain distance from the
exhaust port the gate would be drop precisely between the force and the edge of the dead start’s
circumference. The last feature that could be added for the improvement of the robot would be a
system able to move the droids in the team’s zone. This could also be enhanced with a larger
force collecting gate or with a longer wings or TIE fighter remover system.

/Lg@awi ?\QAU\%?
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V. Conclusion:

For the Star Wars competition, MCHE 201 stude@mere asked to build a robot capable of
doing tasks autonomously. The challenge for this competition is to make the robot work by using
coding Ianguag@ electronics, DC motors and sensors. The final design was constructed to
potentially complete every the task successfully by keeping in mind the game’s rules and the
customer requirements. The final design is composed of 4 main components that enables the
robot complete to grab and move objects to different places. These main components are the
torpedo deliverer, the TIE fighter remover, the force collecting gate and wheels. The tasks for the
Star Wars competition are moving force units and lightsaber in the Jedi training zone, moving
the Droids into the team’s zone, placing three key chains in the exhaust portiand finally knocking @
the TIE fighters off of the team’s zone. In order construct such the final design capable of \f o
completing these tasks, two other alternative designs were reviewed before making and ultimate
decision in which the design to work on. This final design was chosen on the basis of potentially
getting the most amount of points, less failure probabilities, simplicit During the final
se of the variations of

KQL\M\%?

[The conclusion should summarize what was presented in the report, including key results.]
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