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1. Introduction

This notebook documents the festage engineering process that the Wichita
Homeschool Robotics Team used to desmynid, and test their robofThis processookthe
standard BEST ninstage engineeringpcess and simplified it intlmur stage with substages
to better show the design reviews as feedback loops. The first stage was gathering requirements
from the BEST game rules. The next stage involved developing preliminary design based on the
teamds game str at egfyal robotlesgmand comuation,eandfdoringube e d
fourth stagethe team performetess and evaluations on the completed robot. Brainstorming
was primarily used in stages one and two, while analysis was conducted stistagend four.
To ensue that the robot met aiif the requirements arwbuld effectively compete, the team held
design reviews after the second and third stagssa result of this foustage engineering
process, Wichita Homeschool Robotics Team was able to manufactureeasfulcand reliable
robot to compete ifligh Octane.

2. Research Paper

Introduction

We live in a world that runs on fuel: we use it to heat our houses, drive our cars, and
produce electricity. The average person seldom goes a day without using someflénd of
Gasoline has become a largely central topic in politics and our lives, particularly the
environmental impact and manufacturing thereof. This has led to much debate andaiderld
search for a more available energy source. In its exploratiootemtial fuels and fuel additives,
industry has formulated a method of producing gasoline more convenient to mechanical purposes

(Ki-moon). The addition of isooctane to gasoline has greatly reduced engine trouble, making



driving an automobile more comfartb | e and practical . The goal o
synthesize isooctane molecules using the compounds provided to make a more available fuel.

History of Isooctane

The first acknowledged gasolip®wered car was invented in 1885 by Karl Benz. The

au omobil e continued to develop after Benzds o
early 19000s. However, the 192006s revealed o
knocking. Knockingppccur s in a car 06s engi nfeel nixtuee mthe o mbu st

cylinder starts off correctly in response to ignition byspark plug However, one or more
pockets of air and fuel mixture explode outside the envelope of normal combustion. As a result,
the peak of combustion does not occur atitleal moment for the fotgtroke process by which
most engines run. Knocking is most often recognizable by the rapping or knocking sound heard
by the driver. The effects of knocking range from insignificant to completely destructive. Car
manufacturersaw knocking as a threat to the popularity of cars (Tomov et al.).
The solution began in 1919 with Charles Kettering and Thomas Midgley, Jr. when the
pair discovered that the addition of tetraethyllead to gasoline greatly reduced the occurrence of
knock n g . Despite its phenomenal success as an
content caused this ethyl additive to be disc
Springboarding off the work of Kettering and Midgley, Graham Edgauodiered the
usefulness 02,2,4 Trimethylpentaneorisooctane as an antiknock additive. Edgar found that
isooctane significantly reduced knocking whikheptaneincreased knocking. He experimented
with different ratios of isooctane teheptane, thutorming theoctane scalea scale rating

gasolinebs antiknock qualities (Wil braham et



Current Uses of Isooctane

Octane ScaleOn the octane scale, puréhaptane has an octane rating of O due to its
high knocking tendencieg/hile a mixture of 80%octane to 20%-heptane has a rating of 100,
the best mixture for an antiknock agent. The octane ratings that are present at gas stations are
determined by antinocking tests calibrated to isooctane. The higher the number, the more
isooctane is in thgasoline and the more expensive it is. Isooctane led to the creation of higher
efficiency engines and contributed to the popularity of the automobile (Wilbraham et al.).
Pollution. Increased efficiency and mobility caused the manufacturing and purcledsing
cars to become less expensive. This made cars more available to people of many different
lifestyles, increasing the number of cars and toxic fumes from exhaust pipes. Many acts and laws
have been established trying to limit the toxic gases emitbaa &utomobiles, including the
1970 Clean Air Act and Kyoto Protocol. The 1970 Clean Air Act requires the Environmental
Protection Agency to develop and enforce regulations to protect the general public from exposure
to contaminants in the air. It set némits on emissions from motor vehicles, and increased
funds for air pollution researchlThe Kyoto Protocol is a plan to reduce the emissions of carbon
dioxide by 5% in 2010 from the levels in 1990. There are many laws that have been created to
try to limit the amount of hazardous gases to human health, but these gases have already caused
problems and will still continue to cause problems in the world (Tomov et al.).

Future Uses of Isooctane

Pollution. Because automobiles have come under scrutinyaagexcontributor to
atmospheric pollution, the government has taken steps to minimize the environmental effect of
cars. Recently, laws have been passed limiting the amount of ozone and sulfur that a new car is

permitted to emit (Leffler). This law is rced on car manufacturers rather than drivers, and



does not apply to old or used cars. Car and
components has led them to isooctane as an addifinis is becausi hasa low-sulfur content

and isable to replace other sulfucontaining additivesvith less expenseHowever, there is a

drawback to this solutiégnthe additive used previously, MTBE (methyl tertiary butyl ether), has

an octane number of 110, while isooctane has an octane number of only 9&aymet seem

like much of a difference, but the difference in fueling power allows the gasoline companies to
charge about eight cents more per gallononthe MgBEs ol i ne (A Anal ysis of
Transportation Fuel | s s u ensagep, the swiirh to |gdodtame i t s en
gasoline would not be financially beneficial to the gasoline companies, making the switch that
much less likely. However, the switch to a more environmentally friendly fuel is still a concern,

and the changing to isooctagasoline is still a plausible option.

GasPricesBecause of the automobileds popularit
major world problem, as the price of gasoline continues to increase. The price of gasoline affects
peopl edbs dai lcgnsumerspensling. Iif thecptica af gasogine increases at the same
pace, mands priorities and spending will chan
switching to smaller cars, decreasing the demand for gasoline.

The scarcity of gasolinewilln@n|l y affect peopleds decision
but will affect the future of the world. The
Europe, and China are beginning to suffer from the higher oil prices. Isooctane has shaped
history, ut also continues to impact the future (Trimble).

Relation to the Game

In the gameHigh Octane students try to maneuver their robot to accumulate a large
chemical inventory. The two chemicals, ethylene and benzene, are additive ingredients to

naphthaand the most valuabBmpound, isooctane.



Like in the game, redife gasoline production uses robots to improve the efficiency and
safety of the industry. For example, in 2007 the U.S. Department of Energy commissioned a
small robot to advance gasoliassessment. The small, sptbpelled robot, Explorer II, used
cameras and sensors, including an eddyecirfield sensor, to evaluate tbendition of gas lines
(ADOE: Pipeline Robotso). This developing te
from previously inaccessible locations.

Similarly, a test lab in Oslo, Norway is currently working on a robot that inspects gasoline
and facilities under circumstances that would be hazardous to humans (Skourup and Pretlove).
Gasoline is a particular chatige to humans due to its flammable and volatile nature. Robots
continue to replace humans in many dangerous, dirty, anecbm&uming tasks. For this reason,
it is monumentally important for students to have an understanding of how robots work in
indugry. The BEST program provides students with opportunity and incentive to become
familiar with and interested in robotics and technology.

Conclusion

The gasoline industry has evolved greatly since the first automobile, through the
experimentation of engaering, science, and technology. Isooctane was first discovered as a
solution to the problem of knocking and is now a major step towards finding a clean, efficient
energy source. Similarly, through the processes of brainstorming, building, and operating
robot, students gain experience and knowledge of the scientific advances that form the
infrastructure of todaydéds mobile society. I n
broadening, and whether it chooses an isooctane alternative or atiwhsmientists and
engineers currently working on it will come up wittdayh Octanesolution. (Sources cited are

found in Appendix G.)



3. Implementation of the Engineering Process

Wichita Homeschool knew that understanding and using the engineering ffigass
1) wasthekey to successfully competing lfigh Octane The team usettis four-stage
engineeringorocess to design, build, and test a competitive rQkadtle 1) In the first stage,
gathering requirementseam members read the BEST game rules and brainstormed external,

internal, andderived regirements. Next, a preliminary game strategy was chosen by

I I

Refinements

Gather | Preliminary Final Design & | Test&
Requirements Design Construction Evaluation
Preliminary Final
Design Design
Review Review

\. A\
KYA Y g Y Y

Stage | Stage |l Stage I Stage IV

Figure 1 - The Engineering Process

The Engineering Process

Stage 1- Gathering Requirements Stage 3 Final Design & Construction

o Read rules, brainstormed requiremen e Subteams built stlttomponents
e Brainstormed for preliminary offensiv{ e Subcomponents were integrate

and defensive strategies into the complete robot
» Votedto select game strategy o Final design review
Stage 2- Preliminary Design Stage 4 Test & Evaluation
» Developed design concepts o Tests and evaluations
o Constructed prototypes of concepts e Driver try-out & practice
e Voted to select best parts of each rap o Participation in Mall Day and
prototype & advanced prototypes Game Day

e Design review

Table 1- The Engineering Process



brainstormingfor offensive and defensive strategies. This strategy was tladunagsd to

determine the effecthat it would have othe preliminary design. In stage twdevelop

preliminary design, the requirements that were brainstormed in stage one were converted into
rapid prototypes to match the strate@yne best elements of these prototyped designs were then
chosen through multroting. In stage thredjnal robot design and construchipthe various
components were integrated into the final rouiring the final stageaests and evaluations

the teantonductededs and evaluations on the rotaotd drives practicel operating the robot.

Design reviews were conducted after the se@mtithird stages to ensure that the robot met all

of the requirements. These design reviews exposed shortcomings that the team had to overcome
beforecontinuing tothe next stagéFigure 3. For examplethe original design to retrieve the
energywas amattachment on the front of the claw that would flip émergycanfrom horizontal

to vertical. After testing this design, the team found it was more efficient to have the spotter set
theenergycanupright,and therpick upthe energyvith notchescutw ei t her si de of

scoop. $enarios such as this are showrrigure las fAr ef i nement s. O

Figure 2 - Original and Final Designs to GripEnergy

3.1 Stage 1- Gather Requirements

Stage onegathering requements was the most important stage of the engineering
process because stablished the requirements fobot design. The team brainstodrtéree

types of requirement&xtenal, internal, and derived (FiguB. External requirements were



definedasrequirements imposed by an external force or agency such as B8 Tefinition of
internal requirementswase qui r ement s I mposed by the team be
judgments and t hi sDeyvedaagudiremensawvere thosguiremers obtained based

on strategies and other requirements or analysis.

Lessons Internal

Learned I
Consolidated

External

Robot Design

Preliminary I Requirements
Game

Strategy Derived

Figure 3 - Gather Requirements

3.1.1 External Requirements

External requirements were found by reading the BEST game rules and brainstorming.
The team listedifty -eightrequirements thaiffected robot design and game strategy. The
requiremats fell into four categoriesveight, size, materials, and miscellaneous. For weight and
size, the team found that the robot could weigh no more than t@ntypounds and must fit into
a twentyfour inch cube. Under the materials category, the rules stated that the robot could only
be made out of the materials in the returnable and consumable kits. Somensiciianeous
requirements that were brainstormeerethat the robot could not damageyagame piecesnly
one battery could be on the robot at a tim@the spottefs waist could not go outside of the
spottets box. After the team had brainstormed for external requirements, a team member
independenthgearchedhe specific and generi@ge rules to ensure that all the requirements had

been found. A complete list of external requiretsaran be found in Appendix A, pagelA



3.1.2 Internal Requirements

Next, the team brainstormed for internal requirements. In order to do this effectieely, th
robot leaders gaveRowerPoinpresentation athe lessons learned in previous years. From this,
the team concluded that the robot needed to be simple, robust, and easily driven; adaptable to the
game strategy; antbmpletedn time for adequate drivgaractice. Some of théwenty-six
internalrequirement®rainstormed werthat the robot needed to be able to move the benzene
tankers and eithdriggerthe infrared sensor @ctivatethe pushbuttonBecause of the
compl exity of tdguirement tha drivess amg spoteaygstta be able ito
mentally calculate the chemical formulas during their rewas also addedA complete list of
internal requirements can be foundAippendix A, page A2.

3.1.3 Derived Requirements

The team discussed amdposedsix derived requirements in order to achieve the
preliminary game strategyOne of these was that the arm needed to be long enough to reach the
CO,. Another was that the claw had to be able to handle multiple game pieces at Sawveeal
derived requirements were implemented becalised he t eamés defensive st
was thatthe o bot 6 s w htwetvdirchesnudiatetdn ia order to be fast enough to elude
other robots when taking pieces from their quadraBecause mang f t he t eamdés def
strategies this year involgdransmitting signalsthe requirement was added that the robot
needed to be able to activate the infrared senS@momplete list of derived requirements dan
found in Appendix A, page /3.

3.2 Stage 2- Preliminary Design

In stage two of thengineering procesdevelofng preliminary designthe team focused

on transforming preliminary designs into realistic components. This was the longest stage of the



engineering process. Todwe this stage, theeam brainstormed a wide variety of design

concepts. These design concepts were then converted into rapid prototypes made of cardboard,
duct tape, and PVC. Next, advanced prototypes wereftmniikit materials and tested teelp
theteamforeseduturedifficulties. The team then determined which concepts to carry through

to the preliminary desigreviewand ultimately to the final design stage. This portion of the
engineering process is cyclical because all of the design components must passirevesig
before advancing to the next stage. Any component that failed this design review was modified,
redesigned, or discontinued. When the necessary changes haddm the robot underwent a
secondpreliminary design review. Thareliminary desigrstage continued to cycle until all the
components passed the design revieigure 4. This repetitive approach had many benefits
including rapid deelopment of design concepthge ability to combine the best elements from

each idea, and improvemaenfitfinal design. The team also developediaderstanding fowhat

designswould and would not work. This knowledge could be applied to future design and

construction.
Refinement
Devélop ;
- V- Build Evaluate M
eets
Pr%‘g'ig?\ry - Prototype _: Component Regmts —
Concepts Components Performance
. . /8Rapid AAnaIysis
z';ra'“smrm'”g Prototyping Arest e Preliminary
. . es
ulti -voting — Design Review
Preliminary fm
Robot
Analysis
/8Calcu|ations
/&Gpreedsheets

Figure 4 - Preliminary Design
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3.2.1 Develop Preliminary Design Concepts

The team held arpliminary design brainstorimg session in whiclfiorty-six design
conceptsvere generatedSome examples of these were gjwdf ball retriever the vacuum
sweeper desig and the grapple fork clawAfter brainstorming these ideas, the team broke up
into small groupsand each chose several designs to rapbtype. These rapid prototypes
allowed the team to evaluatee pros and conef each desigrhelpng them select areliminary
design. Theideas not prototyped were saved for possible later ussomplete list of design
concepts can be found Appendix C, page Q.

3.2.2 Develop Prototype Components

After brainstorming for design concepts, the team broke up into small groups and each
group was assigned the ideas that they had generated. Using cdydbcatape, and PVC,
each group made rapid prototypes of their design concepts. Then, they demonstrated their
prototypesna fishow and tell 0 session Twenmtyfouel p t he t e
prototypes including degins for claw, arm, chassigacuum, andumperwere madeOne idea
prototyped wasa double lasso for the GO Another prototype was a support on the chassis to

assist the claw with the benzene tankeramples oprototypes are shown in Figure 5

Golf Ball Retriever Bricktong with Grapple Vacuum for Pieces on
Claw on Font the Hoor
Figure 5 - Examples ofPrototypes
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3.2.3 Perform Preliminary Analysis

After the rapidprototypeshad been made, the analysis-$eém began evaluating the
scoring system with manual calculations and patar programssgeSection 6.1Game
Strategy Evaluation These analysd®lped to find thenost effetive use of the threminute
rounds. The tearfound that maximizing the Cand energy along with various combinations
of catalyst andH,O was the best way to maintain a high score. Because of the complexity of this
year 6s game st r avbteanthe results ef this @ralysis. dHovekven thdy did
discuss strategiefor achieving the high scorgFor a complete list of strategies see Appendix
B, page B1.) Some of thesstrategiesvere to block or catcthe catalysas it was dispensed, to
push most of the piesdo the offload arefor the spotter to score, and to use the infratsor
for both offense and defengseSection 7.3|nfrared Sensor Design Evolutipn

3.2.4 Evaluate Component Performance

The claw was the most difficult component of the robot to design and build because it
had to manipulate many diverse pieces. Inorder comply with this year 65
neededo belight, easily controlled, andble tohandleall of the game pieceBy multi-voting,
the team narrowed the list of claw ideas down to faWhen multivoting, team members could
vote for up tahalf of the total number of ideas, atinthe top ideas were carried forwardhe
strengths and weaknesses of tHese designs were evaluatedth pro/con listgAppendix C,
C-3). The team then muitioted to choosthe praying mantislaw as their pimary design

(Table 2) A record of secondarglaw designsvas kept for possible later uséhe praying

Top Four Claw Designs

Praying Manis Claw 27
Bricktong 23
Interweaving Claw 7
Horseshoe Claw 5

Table 2- Multi -voting to Select Primary Claw Design
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mantisclaw was chosen because it was reliakkrsatile, and
able to handle more tham@gamepiece at a timgFigure §.
The bricktong was kept as the secondary design.

3.2.5 Preliminary Design Review

Between the second and third stagks robot leaders

conducted a preliminary design review. Eacbh mp o n e n

performance was observed andlgped to ensure that it met

Figure 6 - Rapid Prototype
all the requirements as well as effectively competing in this ©Of the Praying Mantis Claw

y e ar 0 sFomgesampe, the team chose to add tread to the wheels for better tr&uios.
the necessary changead beemmade, the team was ready to moveo the final design stage
(seeSection 3.3Final Design and Constructipn

3.3 Stage 3 Final Design and Construction

The third stage of the engineering process was final design and const(bjime 7)
During ths stage, all the sudtomponents were integrated inttee completed robot. The team

then conducted a final design review to evaluate the ®kedfectiveness.

Refinement
Integrate Build & Evaluate Meets\_ ves
Robot Assemble - Robot Regmts
Design Robot | Performance
/&CAD A/Ianufacturing AAnalysis
Processes :
' Arest L Fln_al
Refine Design
o Robot Review
Analysis
AComputer Simulation

Figure 7 - Final Design and Construction
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3.3.1 Integrate Robot Design

Before integratingobot design, subeams hadbeen buildingheir compments
separately. (Appendix C, pag€-4 through G6, containsamplerobot builder forms, a form
the robot builders filled out to explain how they designed and built their comppmémiy, all
of the subcomponents were integrated into a completed roBoisteams had to continually
communicate andompromiseas refinements were made. After all the advanced prototypes
were finished and assembled into the completed robot, the teamttested r perfomonances
during the preliminary design review. Theoted several modifications that were necessary to
integrate the prototypes into a working rob8bome of these modifications were lengtingnihe
extension for the C@Qetriever and shortening the arm.

The use of technology was vital as the team integrated the components into a successful
robot. Threeteam members used Computer Aided Design (CAD) to simulate how the
components would fit togethand how the playinfjeld would look. These simulations were
helpful in assmbling the robot. The CAD drawing of the robot is found in Figure 8 and
Appendix C, page &, and the CAD drawing of the playirfigld is found in Figure 9 and

Appendix C, page 8.

Figure 8 - CAD of Robot Figure 9 - CAD of Playing Field
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During the final assembly of the robot, fewer changes were necdssayse the sub
teams were constantly communicating while working independently on their compé&ioent
example, the wheel armmsubteams had to communicate to ensure that thetreould not be
taller than twentyfour inches.

3.3.2 Build and Assemble Robot

After the necessary changes had been made to integrate rofmatrspbnentsthe team
selected the final claw designdaassembled the final robdtigure10). This servo powered
praying manticlaw was able to
retrievethe H,O, catalyst, anc€CO,,
while notchs on either side of the
scoop allowed it t@ick upthe
energy It alsoutilized a horseshoce
shaped extension to aid in scoring
theCO,. Ther obot 6 s al
verticalparallelogram arnvas

powered bya pulley driven bytwo

Figure 10- Completed Robot

small motors The chassis was
made from hatinch plywoodwith a V-shapedumperin the front to assist in collecting game
pieces from the floorA device to activate the pbbutton anda hook to pull the benzene was
also mounted on the bumpédn order to maintain speed, power, and maneuverability, the team
chosetwelveinch wheelsoupled with an innovative lovriction caster wheelWhile building

and assembling the fiheobot, the team used such commaanufacturing methods as sagin

drilling, and sanding.

15



3.3.3 Evaluate Robot Performance

The teanevaluated he f i nal robotdéds si ze, wei ght ,
met all of the external, internal, and derivedquirements. Any failure to comply with the
requirements was analyzed and correct®de of thesadjustmentsvasshortening the arno
ensure that the robot fit into the twerfur inch cube.Once all the necessary changes had been
made, the teams$eed the robot again to ensure that it complied with the requirements. The
results of this evaluation were documented and presented during the final design review.

3.3.4 Final Design Review

After completing robot testing and analysis, the robot leaders ctedia final design
review to ensure that the robot met all of the external, internal, and derived requirements. Minor
changes were agreed upamd incorporately the team For example, because the bumper on
the front of the chassis had difficulty pusditheH,O, the team chose to flange the bottonthaf
bumper to cause the,8 to roll instead of slide when pushed across the flatie team also
aligned their game strategy with robot performance and finailiZed Game Day One of these
alignmentsvas having the spotter set the energyigpt and then havinthe robot score it.

3.4  Stage 4- Test and Evaluation

The last stage of the engineering process was final testingvaheating This included
verifying robot performance, fingining the robotgconducting driving practice, and piaipating
in Game Day.To assist with driver practice, a playing floor was built. Team members gectic
driving on the playing floor and participateddriver tryouts. Competition drivers were selected
by theamouwnt of time it tookthemto collecta set number of game pieceBhe team simulated
competition conditions with a timer, crowd noise, and other distractions during driver practice.

Practicing under game conditions was very helpful especially for the gguegsexperienced

16
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drivers. The points scored were recorded and used to evaluate both driver and robot performance
(Appendix E, page 8).

4. Brainstorming Approaches

The entire team brainstormed requirements, design conceptsrategies.(The les
for brainstorming found iMppendix F, page#.) Before each of thed@ainstormingsessions,
the team reviewed the rules. Each member suggasidda in turn until all the ideas had been
generated. Any consideration or criticism was held off untihgo When all the members had
contributed their ideasjmilar ideas were combineto categories to eliminate repetition and to
allow the team to focus on the different design elements. The team did demonstrations and
pro/con lists of each design taayze tleir advantages and limitationg§Pro/con lists of claw
designs can be found in Appendix C, pag8.CTo reduce the number of designs, the team
multi-voted to decide which concefitscarryonto the next stage. When muloting, team
membersould vote on up to half of the ideas and the top designs were carried forward.
Secondary designs were recorded for possible later use.

4.1 Gathering Requirements

By reading the BEST game rules and brainstorming, the team fiiiyneight external
requirenents. After robot leaders gave a presentation of lessons learned in past years, the team
brainstormedwenty-six internal requirements. Derived requirements were implied from the
external and internal requiremegeménswearewudedashi s vy
guidelines throughout the engineering prodégpendix A)

4.2 Game Strategy

Alt hough much of the strategy fofseet his yea

Section 6.1 Game Strategy Evaluatiprthe team did brainstorwifensive ad defensive

17



strategies(A complete list of strategies can be found in Appendix B, padg Bligh Octane
presented many possibilities for scoriagd many ideas were introduced. One idea waattth
the catalyst with the robot as it was dispensei set up a detaelble fence to catch. itOther
strategies brainstormed were to retrieve the {6, to get the benzene tankers first in the
semifinal and final rounds, artd push game pieces to the offload area for the spotter to score.
Possible defnsive strategies were to hoard extra Q@ score in other teasdprocessing cesl

and storage are#o disrupt their scores, and to tag any robot that invéueldomequadrant.

After brainstorminghese strategieshe analysis suteam presented thiesults of their
calcuations of the scoring systenThis helped the team to focus on several stratéggesvould
enable them to use the thveenute rounds most efficiently. For their offensive strategy they
choseto pushmost of the pieces to the wfad area for the spotter to scorEhe team also
realizedtha t aki ng pi e c egeadrantsovas nat only a goodidefensive strategy,
but also a necessargn of achieving a high scorkastly, it was decided that the computer
program used ding analysis should be modified and dgethe pit onGame Dayto help the
team decidevhich round to drofgsee flowchartin Appendix B, page B).

4.3 Robot Design Elements

After manybrainstormingsessionsthe team decided to focus two main preliminary
design elementslaw and armThey kept in mind the challenges of clampbwih cansand
differently sized balls Claw, arm, andacuumdesigns were rapigrototyped and presented to
the team for visual examinatigrigure 11) This allowed team memtseto observe the
capabilities of each desig.he list of claw designs was th@arrowed down by muitioting.
Next, the team made pro/con lists for the top four designs to evaluate the advantages and

limitations of each. Bynulti-voting a second timehe teanthose thgraying mantislaw as

18



their primary design and thwicktongas their secondary design. After tlgapteams began to

construct advanced prototypes of both the primary and secondary claw designs.

HorseshoeBricktong Interweaving Talon Claw
Figure 11- Runner-Up Designs

5. Analytical Evaluation of Design Alternatives

The team conducted analysis to verify design, development, and construction of the
robot. These analyses were performed throaghluation of test data aty manual
calculations.

5.1 Wheel Analysis

Before the wheel sutetamchose a wheedize they analyzed whickizewheels were the
fastest, easiest, and most accurate to drive. They tebemlawith diameters from 9 inchies
16inches. The test consistefldriving the robot in a straight line for a distance0feet. The
results of this analysis are shown in Figure d&ye 2qQAppendix E, page B). Evaluation of
driving practice dbwed the sulieam to determine which size wheels were the most precise.
Combining these analysebgetwheel sutteam selected?2 inch wheels to allow the robot the
greatest precision aqmbwerwhile maintaining speed. Rubber was added to the wheels to

provide better tretion.

19



16 -
14

12

Chassis 1

== Chassis ?

Time in Seconds

0 T T T T T T T T |
8§ 9 10 11 12 13 14 15 16 17

Wheel Size in Inches

Figure 12- Wheel Size Selection Analysis

5.2 Arm Design Alternatives

The entire team brainstormed and rapidtotyped arm design concepfBhen the arm
subteam analyzed these ideas based on their relialsititgngthand complexityof design
They also kept in mind that the arm needed to be compatibleheittaw design. Some of the
designs considered were the parallelogram #nretelescoping arnthecranearm, and the
scissor lift arm. Because of its strength and its ability to keep the claw horizbatal, t
parallelogram arm was chosasthe mostefficient design to complete the tasksHifjh Odand

5.3 Center of Gravity and Torque Analysis

The armsubteam did calculations to findtheradb@d s cent er of gravity
in its claw. To begin, the suteam balanced the robot on a dowel rod to find its center of
gravity. They also weighed and measured the robot while its arm was in ite barizontal

position. This position was critical because if the robot were to tip over, it would most likely
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happen while two energies were in its claw. Thetsaln used the combined weight of the
robot andhe two energie® calculate the rear whkand frontwheel reactions using formulas A
and B These formulas express the summation of moments and vertical forces equal to zero.

(A) FM1 = 0

(B) EF = 0
After the wheel forces were determined, the team used the results to find the new center of
gravity withtwo energies in the claw (formulg.C

(© EM = 0
Since the center of gravity was still positioned between the front and reaftsythe arm sub
team concluded that the robot would not tip over while its arm was in 2ohtalposition and
carrying two energiesThe results of this analysis are shown in Appendix E, patje E

The arm sulleamalsocalculated the maximum torquetbk arm. They began doing
this by measuring the forcer the weight that the arm could lif’his was donéy adding small
weights tothe armuntil it could no longer lift the payloadThe subteamfound that the arm was
able b lift 2.2 poundswithout the claw or game piece&ecausehe claw weighed 14 ounces
theweight that he armcould lift was1.6 pounds The arm length was 27 incheblext,they
used the equatiofiorque = Force xdistance( T = F [ d) . This equation
torque was 59.1 ich x pounds. Then, they analyzed these results by calculating the torque
required to lifttwo energie$14.5 ounces the maximum weight that the arm would ever need to
lift at once. Once againusing theequationT = F x d with atotal weght of the claw plus 2
energieq1.8 pounds$, the arm sukieam found that the most torque the arm would ever need was

48.1 inch x pounds. Because 48.1 inghoxindswereless tharb9.1 inch x pounds, the sub
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team confirmed that the arm was strong enoodlittany of the necessary game piec8he
results of this analysis@ shown in Appendix E, pageZ

6. Offensive and Defensive Evaluation

Offensive and defensive strategies were found through a combination of brainstorming
(seeSection 4.2 Game Strateg and analysis §eeSection 6.1 Game Strategy EvaluatipnThe
t e amd s offensiverstrategyasto be able to score all the pieces on the playing floor.
However,theydecided that maximizinthe CO, and energyvould achieve the highest scoré
computer program in Python was developed to aid the team in calculating scores to choose the
best combination of game piedes eachround. The team also discussed and brainstormed
defensive strategiesl hi s y e defedswe stredegynwas tke pieces from other quadrants
whichwould createa shatage for other teamsl h et athardefessive strategiegereto tag
any robotinvadingtheirquadrane nd t o s c o r grocgessingocedland storaigecassen s O
to disrupt their strategyThis yaar, the Infrared (IR) Sensor introduced several more defensive
strategies. The team decided to use codes 100, 600, and 800. The 100 code would defend their
guadrat from other teasboffensive codes. The 600 code gave them the option of dispensing
energyfrom the leftandright dispenser. The 800 codiblowed them to take their neighldsr
catalyst

6.1 Game Strategy Evaluation

Because of the natur e o fteamkadnductedexdensives g a me ,
analysis before selecting the optimum offensivategy. On Kickoff Day, Kansas BEST teams
were informed that each team would be allowed to compete in six preliminary rounds and one of
those rounds would be droppatthe discretion of the team. With this in mind, the analysis sub

team worked to findvhat combination of rounds would yield the highest score in five rounds.
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Since all scores, except benzene, would be carried over into the semifinal rounds, they realized
that the team with the highest score at the end of the preliminaries would haesttbhamce of
maintaining the highestcorethroughouthe rest of the roundsTheybegan bycalculatng the
numberof points that each compoumdéasworth, converting frona base to a basgonumber for

ease of comparisqfTable 3)

Points Each Compound § Worth i Baseg |

Isooctane| Naphtha| Benzene| Ethylene| CO, | Energy | Catalyst| H,O
4'=16,384] 4°=4,096] 4=1,024| 4°=256 | =64 | 4=16 | 4'=4 | 4=1

Table 3- Points Each Compound $ Worth

Next, they found what number glame piecewould beneeded in the preliminagnd
final rounds to make each compouiagure 13) Because the benzene became one game piece
during the semifinal and final rounds instead of being created, the number of gaesenaieded

to make the compounasanged from the preliminary rounds to Hemifinal and final rounds.

Minimum Number of Game Pieces Needed For Each Comj

35 A 32
30 A 5
251 20
20 A B Preliminaries
15 -+ 13 O Semifinals and Fina
10 7 -

5 A T r_

0 - T T T .

Isooctane Naphtha Benzene Ethylene

Figure 13- Number of Game Pieces NeededoF Each Compound
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Finally, the sukteam calculateiow many points per game piece in the preliminary and

final rounds each compounebuld yield (Figure 14.

Points Per Game Piece For Each Compound - Bg

1400 1260
1200
1000

800 — B Preliminaries
600 +——212 O Semifinals and Fina

400

1024

158
200 A 51 13 43

0_ - | |

Isooctane  Naphtha Benzene Ethylene

Figure 14- Points Per Game Piece & Each Compound

These analyseshowedthat in the preliminary rounds, it took only 19% (or 6) more game
pieces to make isooctane than naphtha, but the score was 69% (or 354) Inighefinal
rounds, it took 46% (or 6) more piedesmake isooctane, but the score was 54% (675) higher.
These charts were developed to show how many points could be gained for each gathatpiece
wasscored depending on the various compounds. Since isooctane is identical to eapspha
for the addion of one ethylene, the analysis stgam found that it was more efficient to make
isooctane than naphtha.

The subteam also realized thaecause of the basgcorng systeneach component was
worth four times more than the lower compound. When a givemponent reached four, the
score would roll over and increase the next compound by one. Thus isooctane could be made by
creating four naphthas. However, the analysts found that this was not the most efficient way to

increase their score because it iegghover three times more game pieces than when using the
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isooctane formula Using this formula, the teamds robo
preliminary rounds and in only 2 semifinal and final rounds becawgsstbleto average 13
gamepieces in each round.

The analysis subeam used two different approaches to analyze@adlect the best
strategy. In the first approach, they manually calculated the number of game pieces needed to
achieve a high scordn the second approach, thelsteamwrote computer programs, one in
Python and another in C, to generate random numbers within a set doneach game piece
Thenthey ran the five preliminary rounds as well as the semifinal and final rausinatg the
program See flowchartn Appendix B, page ). Each random number represented the
number of each game piece the robot acquired. The programs would keep track of the highest
final scores and inform the team what game piecegctoupin each round. Through this
process, the teawas able to analyze the final numbers that the programs generated and select
the optimum strategy. The analysts found that the programs needed to run about 1,000,000 times
before producing highscore.

By combining the hand and computaiculationgesults, the sutbeam found that
maximizing CQ and energy with varying numbers ofJ® and catalyst generated the highest
scores. After observing this, they rewrote the program to automatically maximjzzn@O
energy which allowed the program to producéigh score in far less time. These programs
werenot onlydevelopedor analysis, but alstor usein the pit on Mall and Game Days to help
the team decide which round to discatfithe inventorywasdifferent from whathad been
previouslycalculatedthe new inventoy would bere-entered ito the program to caldate what

newgame piecewould beneeded to maximizehe score.
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6.2 Robot Design to Accomplish Strategy

In order fortherobo® design to comply with the stratefpund by the analysis teg
several specific dggn requirements were adde@ne of these was that thaw hadto be able
to score more than one game piece at a time. It also needed to efficiently s€®gahd
energy. Anotherrequirement added was that the robot needée t@ble to activate the infrared
sensor in ordeto effectively competeThe strategy guided the refinements on the robot during
all stages of the engineering process.

7. Design Creativity

Creativity played a vital rolessthe team designehd built a robot thanet all the
requirements andias able to successfully competdHigh Octane yet still remain simple,
robust, and reliable. The componetiitat required the most creativiyere the claw, the arm,
and the infraed £nsor

7.1 Claw Design Evolution

Through brainstorming, the team generated
thirty-two claw design concepts. After making and
presenting rapid prototypes of these concepts, the
team multivoted to select the top four designs. The
made pro/con lists foeach of these four ideas to
evaluate the strengths and weaknesses of@azh

This helped the team to muitote more intelligently

for a primary clandesign While voting, they kept in

Figure 15- Praying Mantis Claw

mind that their chosen game strategy required the

claw to be abléo score all the game pieces. Traying manticlaw (Figure 15)was chosen
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because it was reliable, versatile, and ablerandle more than one game piece at a tifites
servepoweredscoopwas able to retrievéhe H,O, catalyst, an€€O, while notche on either side
of theclaw allowed it topick upthe energyvhen it was upright It also utilized a horstoe
shaped extension to aid in scoring €©,.

7.2 Arm Design Evolution

The arm sulieam chose the parallel@gn arm for its simplicity and its ability to keep
the claw levelvhile collecting and scoring game pieces
The first prototype that the subam built had a single
large pulley powered by two small motors. These
motors were connected in parallel by agtendrive shaft
which drove the belt to the pulley. To simplify this
design, the arm sufeam put the motors into a series
which allowed the motors to be attached to a single

sheet of metalFigure 16) This not only provided more

stability, but also reaced the number afouplerswhich

| B !
had caused difficulty To make this design work, a Figure 16- Arm Pulley and

) Motors
second drive pulley was added.shAoulder bolt and
pulley pulled down by a spring were used as an idler pulley to keep tension on the drive belt

7.3 Infrared Sensor DesignEvolution

A new component of the robot this year was the Infréifell Sensor.Using this sensor
instead of activating the pushbuttalfowed the robot to be more efficierithe electronics sub
team chose to place the sensntthe right front corner dhe chassisvhich made it easy for

drivers to send signals to the receivBecause they had chosen to use three IR codes, the
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controller stick was programmed into thirds. Each third sent out a different signal. This allowed
the drivers to know which gnal the robot was sending.
8. Summary

Wichita Homeschool implemented a festage engineering process to design, build, and
test their robot. In stage one the team found external, internal, and derived requirements. The
second stage included braiosning design concepts, prototyping, and developing a preliminary
design based on the strategy. During stage three, the team focused on building and assembling
the final robot. This robot was tested and evaluated in stage four, and any necessargmefinem
were incorporated into the final design. Frequent design reviews were conducted to evaluate
component performance and to ensure compliance with the requirements. The final design,
which used a praying mantis claw, was attached to a parallelogramr&erarm was supported
by a robust chassis that utilized essiaped bumper in the front to collect game pieces from the
floor. By this fourstage process, Wichita Homeschool Robotics Team manufactured a robot that

could effectively meet the challengeisHtigh Octane
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