My nameis Chris Magoon | grew up in northern
Connecticut and the woods of Vermont | & am
engineer, artist, longboarder and videographer.
Really] justloveto makethingswhetherl &warking
on a CNC latheto makeparts for a new camerarig,
hand carvinga custom longboardform, or paintinga
sunsetview.

Chris Magoon

Design Portfolio

| like to understandhow the thingsthat | use work,
andto figure out if | canmakethem better. Iwo n & t
stop designingbuilding,and testing until | & areaited
somethindg 6&tnoily proud of.

This portfolio is a collectionof justafew of the design
projects |1 have worked on while a student and

instructor at the Thayer Schoolof EngineeringYou

canfind more projects,includingmy art, videography,
and longboard design work on my website at

www.ChrisMagoottom

Chr.‘.s Mq_goon

ChristopherJMagoon@gmail.com
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The TibFinder E

An Intra-Osseous Needle Placement Guide

METRY

Thayer School of Engineering, Winter 2015
Lead Designer, Cofounder

This product has not been cleared for use by the US FDA

Find more at: iometry.com

Tools and Techniques

Iterative Prototyping
Medical Device Design
Human factors, ergonomics
User manual design

User testing



http://www.iometry.com/Tib-FinderReport.html
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Stage I: The Challenge

How can we make intra o0sseous infusion
simple enough for anyone?

Whileworkingasthe ThayerSchoolDesignFellow,| workedin a
teamof studentsgraduatesand professorgo designa simple
guidethat would allowa non-medicalljtraineduserto safelyand
reliablyplaceanintraosseouseedlén thetibia An intraosseous
(I0) infusion allowsfluids to be introduceddirectly into the
marrow of a bone,whichis a fasterand more reliableway to
administefife savingfluid to severelgehydrateghatientshana
standardntravenougIV) infusion

In anlO infusion,a unique selfdrilling needlds drilledinto the
boneusinga handheldirill. Fluid canthenbeinfuseddirectlyinto
the bone marrow The critical step in the processis
locating the correct insertion site. Our goal was to
make a guide to allow this spotto be reliably found by
minimally trained users

i i
Sketchinghe bone geometryof the kneeto understand etche®fanearlyslottediesign
whereourtargetzoneis

Day 1: Firstfoam core prototypes Day 4: Injection Moldable SolidWorks model Day 7: Testing in the Simulation Lab

Herel &testingan earlydesigrfor fit on my leg | made | madeSolidWorksnodelsof manyof our designdo test We testedourfinal 3D printeddesigrin the Simulatiolh.ab

overa dozenfoam coreand lasercut acrylicprototypesn  possibilitiefor injectiormoldabilityand to demonstrateur at Dartmouth Hitchcock Medical Center Here, Alex

thefirststageof desigriteration desigrprogresso potentiasponsordrhisearlyconcephas  demonstratassinghe guideto locatetheinsertiorsiteona
a longslotfor thepotentiabf differeninsertiosites testingnannequin



Stage Il: Design Iteration

After receivingundingfor furtherdevelopmentyeenteredStagel of the project Weexpandethe
team pullingin severagraduate@ndundergraduatengineerso helpwith testingandto bringfresh
designnsightgo the table Webegarby reopeninghe desigrspaceo explorenewdesigrconcepts

After initial brainstorming sessions,| took the lead on fabricating dozens of prototypes,

rapidly iterating through designs In our weeklymeetingsyve would discussmy newiterations,
performinformaltesting,and determineareaso improveor modify. In this way,we wereableto

rapidlyadvanc¢he evolutiorof ourdesigns

Theo | 8 le a desigrprogresseffomits phasel configuratioto a
muchmorerefinedstatein phasdl, leadingotheo s Iy iu & desigh
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User Testing

Our user testing was conducted to guide us through our

final design changeson our prototype and our user manual

| built our test setup using an EZ 10 training leg and a
mannequinThe trainingleg hasa removabldibia sectionwith

realisticskin patchto simulatedrilling throughtissueinto bone

The accuracyf eachu s einsditionwasmeasuredn the target
areaParticipantsveregivenanlO kit, our guideandour manual
with no otherdirectiongiven

e

SteverReinitzlemonstratabeusertestingetup

Manual Design

Weturned to Funnel Inc., agraphic design firm specializing
in manuals and infographics, to design our manual. We
providedtheir designersvith photos of the proper use of the
guide,detailedSolidworksmodelsl had madeof the guide,|O
gun,andneedlesaswellasmy manuakonceptdrawingsFunnel
put togetherm manualwhichwerefinedthroughour usertesting

Someof mymanuatoncepart

Progressiarifinaldesignhrougtiterativaisertesting

1. Longlignmentings

2. Widenedatellaslotandshorteneevingsandflattened
curvature

3. Finaldesigrnwith shortwingsa slightlyreducedbatella
slotandtightenedurvature

= 4

Funnelncusedmy SolidWorksodelof our prototypeand
thelOdriverto createaccuratgictoriatepresentations

The first designwve testedwith hadlongalignmentvings,making
asnudfit but requiredirm pressuréeo flex theguideandproperly
seatit in place Userswereapprehensivef applyingthis much

forceto the device so we widenedand shortenedhe alignment
wings,andopenedup the overallcurveof the guide Userswere

ableto properlyusethe guide but it waspossibleo easilyrotate

theguideon theleg,resultingpn improperalignment

For the final iteration,we kept the short, wide alignmentwings,
but tightenedhe curvatureof the guideto requiresomeforceto

seatit againstthe leg and provide correct alignment This
combinationwas successfuin testing pairedwith our revised
manualusersshowedexcellensuccesi accurateljocatingthe

targesiteandproperlyinsertinghelO needle

AnexcerpbfthefinalmanuablesignAfterFunnelncgaveus
theirfinalmanuale continuedo modifythe designguided
byourusettestingThefullmanuamaybefoundhere
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Finished Product

In addition to my handmade prototypes, | worked on
modeling the guide in SolidWorksand ensuring the design
could beinjection molded. | createdneversionof theguideas
a singlepiece whichwould requirea 3 partmold | alsomadea
versionwith a separaténandlethat could be madewith only a 2
part mold We workedwith ProtoMoldsto getfeedbaclon our
designandcostestimatefr manufacturing

| fabricatedseveraidenticalffinal prototypedor usertesting The
main body of the guideis a sheetof ABS milledto shapeon a
CNC mill, thenthermoformedbver an aluminummold The 3D
printed handleis bondedto the molded sheetwith a flexible
thermoplasticadhesive,allowing the guide to flex without
breakingheglugjoint.

My work on the projectconcludedn March2015 However the
Tib-Finder projectcontinuestodaywith externafundingandis
movingthroughthe regulatorandmanufacturingathways

pid The TibFinder =

Round handle for secure, omnidirectionakgr’rp—/

SolidWorksnodelsof the final guide Singlgpieceand two
piecewithpresdit handldor simplifiedhjectiormolding

Handle offset from guide to reduce any
chance of patient contact

Curveshapdlexedofit snuglpnleg

Wings align guide on patella

[

Target hole sized to accommodate 10 needles °

Hole placement based on anthropometric
measurements




Di-wheel

Unconventional human powered vehicle

Computer Aided Mechanical Engineering Design, Spring 2013
SolidWorks Lead

Tools and Techniques
SolidWorks, FEA analysis
SolidWorks Composer
MIG Welding

CNC Plasma Cutting
Machining



The Challenge

Design and build an unconventional
vehicle in only 4 weeks

For the final project,we werechallengedo designand build a
pedal powereddiwheel a wheeledvehiclewherethe rider sits
within a pair of largehoop wheels This wasthe first yearthis
projectwasdone evenour professord i dkmawthow well it
wouldwork out. In ateamof 4 with nothingmorethansalvaged
bike partsfrom two bikes two steelwheelsandlimited materials
for the frame and other partswe neededto havea functional
diwheeleadyto competén aclassacen 4 weeks

We only needed3 weeksto get rolling. And we won
the final raceby alongshot. How did we pull it off?

With suchlimited time, therewasno wayto developand build
multiple prototypesWe hadto do all of our designiterationin
SolidWorks Beyondthat, we had to plan on being fast and
flexible,adaptingto designchallengeand overcominghem on
thefly.

Getting Started: Keep it simple

The central challenge of controlling a diwheel is
steering, which requires differential driving of the
wheels We consideredraditionalmechanismsf a differential
or apairof diskor belt clutchesput wantedsomethinghat was
muchsimpler In our brainstormingywe cameup with the ideaof
usingthe drivewheelsasasortof clutch,with aleveron eachside
to lift them off of the hoop wheels,which would allow the
diwheelo pivot aroundthe disengagesideto turn. Oncel tested
the feasibilityof the mechanisnin SolidWorkd useda flexible
base sketch to createthe frame, allowing easy changesto
geometnandrapiddesigriterations . —

FrameDesigrf

of the simple
lever steering
mechanism

Drivewheehgaged

rdminitialconcep‘sketcho finalSolidWorksodel

Thelevemechanism
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Flexible Design

With overa foot of height difference among our team
members, we knew getting the right pedal and seat
geometrywould be a challenge Wedesignedhe frameso
we could adjustboth the angleandlengthof the pedalsupport
Oncewe found a positionthat workedfor all of us, we welded
the supportin placewith anotherstructuralmember forming a
sturdytriangle

Theframedesignshowingdjustability
of the pedal boom beforethe final
supportvasweldedn

Design for Fabrication

With limited time, we neededto limit the complexity of
fabrication and assemblyrequired to get our diwheel rolling.
Our designhasonly 3 different machinedparts the aluminum
wheels,bearingblocks, and a cassettéhub to attachthe bike &2
cassettéo our fixed axle EverythingelsewasCNC plasmaut or
cuton abandsaw designetheframesoit couldbeeasilywelded
withoutrequiringanyjigsor measuringysingonly the plasmacut
gussetsfor alignment We managedto get our diwheelto a
rideablestatan only5 daysof fabrication

Adjustabliengthpedaboom

The plasmacut cornergussetgive solid
weld points for the structuralmembers,
alignthe membergor assembhygnd serve
asbracketdortheidlerwheels

Cassettadapter

bearing

Gusseplate

Aluminum Retaininglate

Bearing block drivewheel

mountingdpolts

Exploded view of one side of the fixed axle drive line




Ready to Roll

We took our mantra of working fast and flexible seriously.

With a plywoodseat somehoseclampsanda pair of vice grips
we testedriding our frame as soon as we had the main parts
togetherWerealizedhat the rearcrossmemberwasin the way
of wherether i dReadderdedio be while deceleratingVe
wereeasilyableto cut out and add a new bent memberto the
frame whichnow servedisaheadest

Having our diwheelrolling a full weekbeforethe racegaveus
plentyof time to fine tune the drive systemWe tried different
gearsandadjustecthaintensionto getoptimumpowertransfer
Our simple, rugged design came through; we won the final

race and were the only team to not have any mechanical
failuresduring competition.

A year later my teammateScott and | worked as teaching
assistantor the class helpinganotherclassof studentsbuild

their own diwheelsin addition to developing,testing, and
managinghe othersmallecclasprojectsScottoinedthe clason

racedayin our diwheelmakingsecondplaceout of 7 teamsin

the third yearof diwheelsall teamsdesignedirive systemghat
relied on a differential for steering Even againstthis new
generatiorof highlyefficientdrive systems, heldmy ownin the
Scorpionwhich was againthe secondfastestdiwheelon the
course

Year2: Scotaboutto taketheleadin oursecondace

My videoofthe2014 race

Yearl: Robholdindheleadin lap 2 of therace

Thediwheeteadyfor itsfirsttestride
My videmfthe2013race

TheScorpian
goingon4 yearsold
andstillridinggreat
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Ballast Mount Solar

Simplifying the installation of SolarPV on flat roofs

Engineering Design Methodology / Norwich Technologies, Fall 2013  -Winter 2014

Tools and Techniques
SolidWorks, FEA Analysis

S 2NORWI
Project Manager, Lead Designer 7‘@1’ ECHNOLOGIES SolidWorks Composer

ASCE Building Codes
Machining and Fabrication
Concrete Casting




Project Overview

I worked in ateam of three to design, build, and testa
new low-cost ballast mount system for Norwich
technologies, a local solar company. Our project §
sponsors wanted a mount that was both simple to
manufactureand easyto install.

BallastedViounts use only weightto hold solar panelson flat
roofs Thisweightmusthold the mountdownagainstvindloads,
but not overloadthe roof structure The panelsare held at an
angleo improveefficiencyandshedsnow

| servedhsprojectmanagefor our team,andwasresponsibléor
all our SolidWorksmodelsand FEA analysis Additionally, |

Sketching a design fora *
worked with ASCE building codesto developExcel tablesto sliding folding mechanism
calculatevindandsnowloadingstanytilt angleandexposure

After determiningbaselinedesignloads for wind, snow, and
ballast requirements,we got to work brainstorming and FEAanalysisf a mountingprackendfull frame

fabricatingrototypes | evaluatedbur physicalprototypesfor easeof fabricationand
installatiorandconducted~EA analysisndhandcalculationsn
all critical loading conditionsto ensurethat our designswere
structurallgound

r}?: Jret =

The SlidingFolding=rameusingUnistrut
demonstrateda promisingconcept but
requirecexpensivieardware



Rethinking Installation

Testing ballast placement on our prototypes exposed
some usability problems Wehadassumethattherewasno
room for improvementin the most widely usedtechniqueof
placingstandardconcreteblocksin ballasttrays With Norwich
T e ¢ godlaf a prefabricatednountin mind, we hadto figure
outabetterwayto installballast

Our 0 A h embm@ntcamewhenwe tilted up the panelson one
of our prototypesThatwouldallowfor mucheasieplacemendf

ballast Designinga simple custom ballast block solved the

ergonomicstruggle®f grippinga standardlock and eliminated
the needfor anyextraballastraysto hold the ballastThesethree
designinsightscametogetherto becomethe basisof our final
prototype

Extra structure to hold
ballast adds cost

Testindhallastplacement
onanearlyprototype

Placing ballast under Square blocks are
panels is difficult hard to hold on to

Castallasto fit overthe mountirame
Most mounts use ballast trays, which adds
materialcost,andinstallatiortime We designed
a custom cast block that fits over the frame
materialeliminatinghe needor ballastrays

Instalballastvithpanelspright Addgripslotgo ballasblocks

By lifting the panelsup, it is easierto place Lifting and placinga concreteblock can be made
ballastwithout awkwardreachingor sliding mucheasieby addingasmallip aroundthe bottom,
Additionally, since the ballastis completely givingan easyplaceto grabthe block whenit is flat
underthemount,roof spacés conserved on the ground Our customblock designis easyto

gripandplacewith minimaleffort.



Installation Test

After fabricatingour final prototypejncludingcastingour custom Dan and Misha demonstratethe installation process
concreteballasiblocks we testednstallatioron Norwich T e ¢ h § $Theprefabricatefanelsrelifted andpositionedntheroof. 5 Theangledsupportsareboltedin to theirinstallecposition
roof. The un-ballastednount at only 50 Ibs cancomfortablybe

lifted by two people Placemenbf ballastwas easywith one 3 Therearboltsareremovedo allowthe panelgo lift 6 Installatiorcomplete
E:;?é}rsmdmgthe panelsip while the other setsballaston the 4 Onepersonlifts the panelsuipwhileanotheplacedallast Theean(fronieft)Dan,Emil(N-Techylishal royN-Techjnyself
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Final Design Ballast Design

Grip slots for Custom cast concrete block

Unit arrives folded flat easy lifting

for easy transpo

Ballast blocks fit
onto c-channel

Panels release and
lift for installation of ballast

Panels fold down to final angled
position and bolt in place

3.5" bolt

Our final prototype combined a simple and low cost c-channel frame with custom

cast concrete ballast blocks for a unique installation scheme The frameis extremely
simpleto fabricateandrequiresno morethanacutoff sawandadrill pressijdealfor NorwichT e ¢ h 6 s
smallworkshop With all assemblgonein the shop,only two boltsneedto be installecon the roof
aftertheballastsplaced

Our final deliverableto Norwich Techincludedengineeringlrawingsf all the partsof the mount
aswell asadetailecassemblynanual createdisingSolidWorks€ComposerThis wasin additionto
allof ourdesigrandcalculatiomools! developefbr windandsnowloadinganalysis

Norwich Technologiesvasvery pleasedvith our work on the project At the end of the year,our
projectwasawardedhe DartmouthSocietyf Engineer®rizefor outstandingerformance

Diagranfromourassemblgndinstallatiomanual



Cantilever Test Jig

A unique jig to test a cantilever wood structure

Designed and built for Solid Mechanics, Fall 2015
Machine Shop Instructor

Skills

SolidWorks FEA
Connection Modeling

Machining
Tutorial Design / teaching



The Challenge

Design and build a fast and stable fixturing
system to test wooden structures

Traditionallystudentsn SolidMechanichiavedesignedvooden
bridgesto test under 3 point bending ProfessorVicki May
wantedto try somethingnew testinga cantileverstructurewith
cablesupports While working as a Technicallnstructor in the
MachineShop | designeda systemfor building and testinga
cantileverstructurethat could include cable supports The jig
would needto mountto the Instron testingmachineon a bolt
patterncenteredunderthe loadingpoint. It alsoneededo allow
for quickandeasymountingof eachstructure

After settlingon someroughdimensionsand basicdesignwith
ProfessoMay,| exploredseverabptionsin SolidWorkandused
FEA analysiso determingootentialfailuremodesin the wooden
structurendaluminunfixtures

The goal was to minimize stressin connectionsto the jig,
and minimize the j i gdsglacement We wanted the
connectionso thejig to be strongetthanthe restof the wooden
structureso that the studentswerechallengedo optimizetheir
s t r u overalldesignyot worry abouthow if wasattachedo
thejig.

Slotted bolts on a plywood back

and was complex to simulate

plate had high stress concentrations wo r k ,

|Z"

/ '9o“'$

The rough layoutand geometryof the jig
showindprceapplicatioandmountindpolts

but dnd

attachment above

di

M ovndt M

The first concept slotted
bolt holesto distributethe
loadoverthebackplate

b3
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A central clamping bar woul
f plate, mudimited the @availalde surface for attachments and
required bolts through the wood back plate



Breakthrough

Our lasercutter can only cut through1J 6 plywood,so that limited the back plate thicknessBut Final SolidWorks of the
without a thickerbackplate,it waschallengingo hold the structuresecurelwithoutanintrusiveor assembledig with our test
overlycomplexjig. To reinforcethe backplate,| decidedhat studentscould gluethe lasercut 1J 6 cantilevestructure

sheeto apieceof 1 6plywoodwe couldprecuton atablesaw With that, | could make a simpler
jig that gavefull flexibility for cablesand sufficient spacefor creative design while having a
solidly attachedback plate that waseasyto mount with no fasteners

e

Assemblgchemehe studentsvouldfollowto attachtheir Gussets add strength but do not
structureso the plywoodackplate limit visibility of structure

Flexible space for
cable attachments

Simple slide mounting

FEA analysison our test cantilever
showedhatthe structurevouldnotfail
at theconnectionie thebackplate

FEAanalysisisingboltedconnectiorshowedhat the jigwouldnot
deformtoo muchto significantlgffects t u dpeedittidnsf their
s t r u ddformat®d s



