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Abstract

Construction paddles are an imgort part of the functioning of thie D r- a &light
C o n v e shown inFigure51 of Appendix D.Theseconveyors aréevices through which
powder cemetnis transported from rail cats trucks, and the paddles are an essential part of the
conveyor system. élvever, these paddles amadeof polyethylene andue tofriction against
the frame of the machirtbey wearout quicklyand are expensiv®ue to the lack of vendors
producing theequired cuto-length productprders ugally get back stocked and companies end
up paying extra shipping fees and delaying their operations. In an ever expanding society like
ours in whichnew buildings and houses are constructacery @y, this is unacceptable. To
improvethis situation, a machine thatitonomouly produces these paddles whes/eloped. The
design will allow for the interested companies to produce themouse with little effort, great
efficiency and aalower price. As part of our project, testing with new, more friction resistive
materials wasconducted.

The objectiveof this projects to find the best material pos$e for the taskat hand and
have the best price to qualitatioin addition to building a autonomousnachine to produce
these paddlesnder $2000The prototype has been designeeénaploya combination bseveral
mechanical and electronic systems to accomplish the final output product. The major systems
included in the prototype were a drilling system, a cutting mechanism, and a rolling table, all of
which are equipped with treppropriateslectronic conbls.

Some elemental components used in the prototype were bandhthegreatmajority
custombuilt by the members of the team with the support of the FIU students machinéoshop,

meet the design requiremengeveral friction tests were performedsamples of different

12
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materialsto evaluateheir perfornance undeconditions similar to thosethat the paddles are
exposed to.

Machine safety rules and regulatsomere researadextensivelyto assure that the
prototypecomplieswith all standards applicable to such a mechaniemental environmental
impact andmaterial recycling plans were explored and are preséatieo.

After the assembly of the Paddle Maker was comp]asieeal calibration trels were
performed, withoutdeding raw material, to assure that all the systeere behavingroperly.
Finally, several paddles wefabricatedand some final adjustments were done. The machine
functioned as expestland the quality of the output paddles was acceptable for the i,

After workingonthis projectduringlast few monthsthe main objectives weraet
Although satisfactorperformancevasachieved given the time constregnseveral

recommendations for future work are stated in Section 10 of this report

1. Introduction

1.1 Problem Statement

Construction pageh#l e g ht s €0 nipewla cetméhtta | o ad
incoming trucks are made of polyethylene. Due to friction between the paddles and the metal
frame of machine these paddles wea r&faively fast rateresulting in unwanted maintenance
cosk and delaysin addition paddle orders usually get back stocked due to the lack of producers
and the inconsistency of the orders. Expectations are to solve this problem by building a machine
to fabricatethese paddles. The padslieeedo be 37%long, Yo thick and #:0wide, and with
six holes7/160 in diameter eaclgpaced by a distance of 6% between. The current design of
the paddle also features an angle cut in oribeofides to decreafigction. This machine needs

to be autonomus ando be able to produce thgaddles from a given sheet of raw material. Thus

13
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the machine will need to firebnveythe sheet of raw material to the place wherenepansof a
mechaical system the holes whledrilled. Thenacircularsawbeing moved by a spper motor
will do the cutting Finding a material that is resistan friction and has a bettquality to pice
ratio than polyethylene is also one of our main objectives.

In addition, ourgoalwill be to modify and strengthen the wear of the current paddle
material and test it in the field. The paddremade of Ultra Hip Molecular Polyethylene,
which has the highest impact strength among all cladsgiastic products. Even thoughs an
extraordinary material for industrial uses in wear and sliding applicaitomears fast in the

current functionThis can be observed Figure 50Appendix C

1.2 Motivation

Vulcan MaterialsMiami Quarry division offers mining, processingnddistribution
services as well as services in sand, gravel and crushed stone rd@ailmggthe biggest
producer of construction aggregates and a top producer of cement in Florida, there is no room for
inefficiencies or delays such a busy operatio T hwhytth& sompany is interestedan
feasible improvement or solution to this ongoing issue at a cost effective price.

Vulcan operatea f BaFd g g ht  OnhaheivMigmoQuarry facility that uses
polyethylene paddles as a way of transportiregcement powder from the rail céosthe trucks.
It usually takes twenty minutes to load a truck with cement powder when the paddies/are
howeverwhen they are worn oulbading time could take up to one hour and twenty minutes.
Furthermore, orderof these construction paddles sometimes get back stocked, and subsequently
the operation gets delayed due to the inefficiency of the machine. To make matters even worse,
these paddles cost $13 dollarseaygi, and the conveyoequiresl14 of them in order ttunction
properly. It takes about gonths for the paddles tmmpletelywear out. Howeveif a more cost

14
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effectivematerialor a more friction resistant material weoebe used for this applicatipn
efficiency and productivity ofthe machineould dramaticallyimprove Moreover if Vulcan
MaterialsCompanywereable toprodue these paddlemdependentlythe company would not
need to buy them anymore, reducing delays to a minimum and boosting its producthigy
partof thefacility. This could represent saviagf more thaneén thousand dollars a yeartla¢
Miami Quarry divisionalone

Finding the right paddle materialduwreating a machine that manufactutesn,
represents a real life solution to a challenging indystiplem. There is a need for improvement
andwe are ready to answer the caith extraordinary effort and dedication while employing

knowledge and resources gatrin the course of our engineeristudies

1.3Literature Survey

Several termsprocesses and/or machinesose understanding is of great importance
for the realization ofhis project, are mentiongdroughout the report-amliarity with these
terms was essentifdr therealization of this projectVHMW-PE (Ultra high Moleculayeight
Polyethylene) has one of the highest impact strexajthny thermoplastic and has excellent
abrasion resistance, tensile strength, energy absorptiesgesistance, and frictiocoefficient
properties. In this section, an overview of the worka&lon improing the materiad s
performance by other engineers and scientists will be reviewed.

In addition, there is a need for anlinuse machine that can make paddles out of this
material. A large UHMWPE sheet will have tandego variousprocessesicludingdrilling and
cutting. Also means faronveyng this raw sheet material need toibeorporatednto the
machine. A review is conducted here on the brainstorming, and information gathering that lead
to the development of such machines over time.

15
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1.31 Material

UHMW-PEhasbecome&he material of choice in hip and knee joint prostheses in human
body. In addition, it is used in many industries where moving and conveying materials presents
challenge of finding solution to abrasion, sticking and wieas.the answer in applicatisisuch
as drag flights and paddles, side rait&l skirt boards. When comparéa other polymes,
UHMW-PE possesses superior mechanical toughness aneregstanceDespite the success in
surgical applications, implantedmponents produce wear debris, and it is necessary to repeat
the surgery and revise the prosthelkighe case aheDrag Hights applicationUHMW-PE
paddles weaout quicklyafter being constantly rubbed agaitiststeel counter face.

Crosslinking of UHMW-PEhas been shown to improve its wear resistance by 70%
when compared to conventional material. Cogsng changes the chemical characteristics of
the material. It alters the bond between molecular chains, reduces crygiatimses alters the
free radical content of the material and influestte surface propertiesgnificantly.

Many experimental tests were done trying to understand the wear behavior and wear
debris distribution oUHMW-PEwhen rubbed against other materraliterature survey of
thesetests will aid in gathering all the necessary parameters gagamour tess. The chosen
parameters will be used to test and compare the new improved material to the current one being
used by Rail Barge and Truck Compahyaddition, it will be tested and compared with
UHMW-PEthat was exposed tbecrosslinking process.

An experiment on friction and wear behavior of nitrogen ion implaoteM\W-PE
against ZrQ ceramic was studied in China University [1]. TB&l-On-Disc (Figurel) wear

tests were performed using an UMT tester in Campbell, CA. The tester combined linear and
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rotary motions in a coordinated manner while taking measurements of tribological parameters

such as friction forcedriction coefficient, and wearapth.

Parameters and material used in the study were:

1
T

The material had a disk shape with 10mm thicknessaalmeter of 30mm.

Roughnessf the sample was polished@® - 0.4um.

Ultrasonic bath and acetone as a fluid were used to clean the sample.

SizsNg4 balls with 4mm diametewereused to simulate the wear of the artificial joints.

Wear tests were operateda5% plasma solution for 10,000 cycles.

A Sinusoidal Normal load of 20N25N wasapplied on th&isN4 balls.

UHMW-PEdisk reciprocating at feedfrequency of 0.5 Hz.

The SizsN,4 ball load frequencyaries from OHZo 1.5Hz.

Four tracks of wear were formed, and the testing results were measured by the wear mass

loss using an electronic scale having 0.01mg accuracy.

Specifc wear rate (Ms) determined by: 01 = 0 Dmﬁ ©

Where Mw is mass loss of worn disc, Mc is mass loss of dipped disc, and n is number of

tests.

X-reciprocating
>

Z-carriage )
Sinusosial
. ——————e
loading ~—

Srain gauge
scnsor

UHMWPE

Si3N4 ball disc

Y -reciprocating

Figure 1-SisN,4 Ball and UHMW -PE Disk Contact Schematid1]
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A different study conducted in China University was related to friction and wear behavior

of nitrogen ion implantation codtHMW-PE[3]. A UHMW-PEdiscwas put in contact against
ZrO, ceramicball. The disc rotated and the ceramic ball was fixed on treedom. The
electrical motor was controlled by frequency converter. The tribometer tester measured the
tribological behaviors of ion implantadHMW-PE againsZrO, ceramic. The results showed
thatnitrogen ionimplantation improved the hardness of the acefof the material, andcreased
friction coefficientvalues

Test parameters and material selection for N+ implantation were:

1 UHMW-PEdisc of 5mm thickness and 45mm diameter.

=

Surface polished to 0j3m.

1 ZrO, ceramic ball of 3mm diameter.

1 Contact loacdN.

9 Sliding speed was 0.19 m/s.

1 Human plasma as lubricant.

1 Testtime: 110 minutes for dry friction, and 200 minutes for plasma.

T Room temperature RH 55%.

1 UHMW-PEimplantation: accelerated energy of 450KeV. Three different N+ doses.

The experiment resulted a change in color of the original whiteHAMW-PE For5 x 1014
cnt density the color changed toamge. For & x 1015cnt ion densty the color changed to
bright Hack.
A study conducted dthe Regional Research Laboratory in India was related to sliding

wear of PRUHMW-PE composition blend2]. UHMW-PEwas melted and blended with PP in
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different proportions. Avin-on-disctester apparatus was used where the pin was made of

polymer sample and the disc was made ofZEN\steel. The test was done at different pressures

and sliding speeds.

Parameter and material were:

T
T
T
T
T

Cylindrical pin size 8 mm diameter and 53mm length.
Disc ismade of EN24 steel with hardness of 305Hv.
1.066.34 M Pascal pressure.

Sliding speed of 0.28.09 m/s.

300m sliding distance.

The results showed that the wear volume inciasiéormly with applied pressure and

sliding distance.

The parameters used filvose studies wilkerve a guiden selecting parameters that will

be needed to compare the current material to the purchased matba#loA-disk Tribometer

wear tester at FIU Plasma Lab wesss.

1.3.2 PlasticCutting Machine

Because plastics atieermoplastic processed organic matenéath high molecular

weight cutting them requires specialized cutteguipmentin general a plastic cutting machine

must possess the following features:

A

o o o Do

High level of precision

Good edge quality
Energyefficient

Low maintenance requirements

Facility of cutting virtually any shape
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However since the design tife Paddle Makeamnachine is intended for a very
specialized function, only a few tasks are of key importance to the design and development of

our paddle maker. Among these tasks are:

A Ability to move a sheet of the chosen material to the section where holes are to be made.
A Six 7/160 equallyspacedholes are to be dréd

A The machine must be energy efficient.

A It must have low maintenancequirements and be autonomous.

The current manufacturer of these paddles uses a whteitter to produce them
water jet cutters a devicghatenablesuttingmaterials like metals and plastics tmgans of
high speednd pressure/aterjet, or amix of water and an abrasive substance. The progess
very similarto that ofwater erosionyetsignificantly accelerated and concentrated. ltssally
implementedn marufacturing and industrial plagtespecially when the material that needs to
be at issensitiveto high temperaturest is suitablefor variouskinds of materials such as heat
sensitive, delicate and handes Water jet cutting isised for operations such as cutting,
shaping, carving, and reamirigubber, foam, plastics, compositsgne, tile, metals, food,
paperare just some of the materials commonly sliceavater jetting while tempered glass,
diamonds and certain ceramics cannot be cut with it. The versatility, precise cutting and clean
finish of abrasive water jet machiningjsplayedn AppendixE Figure52, avoids the needor
expensive secondary finishing. However, our team believesdieaiothe materiabeingsoft
and precision not big factor,appropriatecutiing could bedoneusing conventional cutting tools
such as a circulagaw This tool can easily be found in aofthemajor hardware stores such as

Home Depot, Ace Hardwa Grainger
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After doing an extensive search ditdrature reviewa company that manufactures
machinery with similaprocesses and principles as those of the Paddle Maissfound Its
name isKaltenbach30] - a4™ generation family owned compaayd aworld leader irmetal
sawing technology. The company uses CiiCsteel beam drilling and rtad fabricating(Figure
4). The CNC features contain vertical and horizontalidgllnits with a combined sawi(ftre
2). A spindle has threaxesfor drilling with an option to change the tool automatically on each
axis. A computer control interface allows the integration of the sawing opetatiatdition, the
company has a CNC robotic machine designed for coping beams and square tubedsOne of i

features is matal fed pusherconveyor(Figure 3

Figure 3-Hinged Roller Conveyor [30]
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Figure 4-Drilling Assembly [30]

A local businessGrainman Machinery Corporatiowas visitedo check for systems that
couldrelate b our proposed machine desidine Company supplies equipment for the grain
industryand has severald and newmachinessome ofwhich are very similar to theesignof
the hergresented machin&ome pictures of conveyonsth end processes like bagwing, and

bag sealin@areshownin AppendixT.

2. Project Formulation

2.1Project Objective

As mentioned earlier, this projewtll be basé on two central objectives. Firghe
development of &irly simple machingcapable of making these paddles from a sheet of raw
material whilemaintairing a lower cost per paddi&econdlyas time allowsour team desires to
optimizethe currentmaterialbeing used andfind amoreefficient, costeffective one.

The current paddle material provided by the Gund Company teasiée strength of
2,500 PSIHowever, in an efforto obtaina better wear resistance UHMRE, it was found that
thecurrent vendor can pvale the same materiahvingthe same specific gravitwith a higher
tensile strength of 5,500 P®ne of the objectives wads apply a gamma radiation process to an
UHMW-PEsheet as time allowSince crosdinking has been showio improve the wear
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resistance of ultraigh molecular weight polyethyler2], we investigatedhe wear loss of
radiationcrosslinked material

The development of the machine presented in the cond¢elatsign of this project was
the central goal of this project while at the same time rekdar a better material was
conducted as mentioned above. In the process of developing this maekeralsubobjectives
arose and as they were executed #m@yancd the central topic ofhis project A few existing
technologies used in the manufacturing of plastiese explored téearncrucial information
about this topic. Improving the cost of the end product by exploring different \senubr
material properties was one of tmajor oljectivesunderlyingour maintasts.

Concentrating on building a functional mechanism that witiqgen the above mentioned
taskswhile keeping the complete process at a cost efficient price am@isaronmental

conditions, washe focus of this project

2.2 Design Specifications
In this section althe specifications gathered while designingdixstem are presented.

Specifications are separated into different categories fearhenderstanding.

2.2.1 Motor Selection
Throughout this projectvhen setcting motors, many questions arose. What kind of
motor should be used; DC, AC, or stepper motors? What Torque and Potesansotors
going to need to accomplish their respective tasks? Wikt \Rill they need to ruat?To
answer all of thesguestios an extensive literature survey was conducted so thaahecould
have an understandirg similar machineryalready on the markefurther detagd explanation

on motor selection is included Bection 6of this repot and inAppendix J TorqueCalculations
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2.2.2 Drilling Control

The paddle design currently being used
spaced at& however Nestor has noticdithtwhile replacing old paddles with new ondsat
the middle holes locatedwhere he paddles breakost of the time Therefore we are going to
avoid makinghis middle holen ordert o0 ma k e tdesign moaedagdtingeaddsstabldnis
will also reducdrilling time and therefore the cost of producing one paddle. Based on this
spedfication the drill bit was selecteahdthe Gcodeprogramwritten toinstructthe Mach 3
how to move the stepper motors.

Thefabricationof the finisked product was influencebdeavilyby the way the three
different processesperatesimultaneously; namsg| first the roller table, then the drilling
operation then the cutting, finallyhe roller table moves the thickness of the paddles and the

whole cycle starts over.

2.23 Movement Control

The Paddle Maker machine has three main moparts:theroller table, the drilling
station and the sastation. Specifications for the roller table were to move a shé#tbf\W-
PEof 37¥0b y 3 8 dweighing dbout 40 IbBasal on these sizethe rolles were bought
and the table frame built. Also a Torquealysis was done to find the required torque needed to
move the sheet forward by a stepper motor. Details are found on Section 6 and inAppendi
nanmedfiTorques Ca | c.d¢ raoveithe driling assembly up and down a linear stage was
acquired. Selectiocriteria for this edmentwerea travel distance @t least 2 inches ard be
able to carry at least nine pounds which is what our drilling assembly weighs. Also a torque
calculation was done toe able to select an appropriate stepper motor. To rhewarilling
assembly in the-axis, a much smaller torque would be required since the weight of the
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assembly would be supported by two high precision shafts and the Wwiead tod that mowe
the piece. The same applieghe stepper motahat moves theircular sanassembly
horizontally. Thus a kit of four stepper tos was purchased to meet the highesjue
requiremengiven by the vertical linear stagey buying them together we guaranteed the

functioning of the system would be appropriate ancctdst of the machine is reduced.

2.3 Constrais and Limitations

Constraiits and limitations were explained detail in the previous subsections, where
the specificatiors for every component of the machine were discussed. Some ofnitagibns
notdiscussed previously wetleat the dilling stationwould take abou® minutes to performthe
drilling of thesix holes, which is mainly due to the chosen setup of the assembly and the speed
of the stepper moterAlso the table was built to fit one specisize of sheet (37%by 3 80) ,
thus the machine is linad to this size of raw materjéligger sheetwould have to be cut to size
before being input into the PaddWaker. Future work will solve this issue by having an

adjustable table workstation.

2.3.1 Paddle Material
The current padd material idJJHMW-PE This material iggoodfor friction resistace
andhasproven to perfornradequatelyhen used irfrlight a Drag Conveyar Thus our team
tried to find a material similasr betterto the one beingurrently used and that economically
feasible. It was found thitHMW-PE can be in fact improved when exposed to different

procedures explained in detail in the materials section of this report.
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3. Design Alternaves

3.1 0verview of Conceptual Desigixeveloped

The process of developing and selecting several conceptual designs for the desired
machine that would produce the needed paddles was a crucial step in the adunaotéms
project. During the firsstageof brainstormingmany ideas defininthe requirements were
consideredvhile keepirg in mind the end product requiremerasdter recording ideas for several
days the first informal drawings were discussed and several changes were recommended as
everyone in the team agreed.

Beause the mache iscomposeaf three subsystems, namely: drilling, roller table and
cutting, the conceptual design section is also dividextimee sections that expose different

approaches to designing the Paddle Maker.

3.2Cutting

3.2.1Design Alternave 1- Water Jet RoboticlRtform

The first design discussed was a robotic platform equipped with a water jet specially
designed to cut through the materials selé@dn the Material Selectigmart of this report. Water
jet systems typically have very uniqoapabilities that make them more advantageous and
effective over traditional machining. Their ability to cut while keeping low temperatures makes
them practically attractive to industries handling flammable materials, such as natural gas and
petroleumIn addition, material cut by water jeas asmooth satilike finish. Although highly
efficient and popular in industrial applications, where versatility is an essential thete

modern systemidavecomplex controls and functionality and are relatively expensive. Since our
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applicationdoes not require high accuracy, and because of the higbf¢bg alternative, it will

not be considered for our design.

3.2.2Design Alternate 2-Laser Cutter

Another typical system widely used in modern manufacturing to cut almost any type of
material and discusseathile brainstorming was laser cutteBasically,laser cuttingconsiss of
a high power laser guided by a computer to burn a groove in the magaighe emitting
component. The material being removed can be melted by the high temperatures and or blown
away by high velocity fluids, usually gases. Laser cutters present several advantages over the
majority of the traditional cutter systepnt®nsequetly making them especially popular as
innovativeemergingtechnology. They produce extremely smooth surfaces as well as very
precise cuts and usually cut fairly fast if the material thickness is not extreme. The single most
attractive characteristic af laser cutter is the lack of physical contact between the tool and the
piece being worked on, completely eliminating the wear and tear factor present in traditional
processs Furthermordaser cutting requires considenabligh electric powethus incrasing
the operation cost of the machineBgcause the main objective of this machine is to reduce the
paddle costit is not feasible tonclude this technology into thieachine given that high

precision is not required.

3.2.3Design Alternate 3i Circular Saw Workstation
The cutting dong the width will be done ba circular saw blade specially designed to cut
plastic(Figure 5) This partcular blade has unique featuti® the sharpening of the tooth that
allows for a cleaner and faster cut, which makes it highly efficient when cutting plastic. The

width of the cut done by the blade is also a parameter that will be studied carefully, since a wider
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cut means more wast@eaaterial. The cutting blade will travel along the complete width of the
plastic sheet, powered by an electric motor that will rotate in both directions moving the blade

back and forth

Figure 5-Circular Saw Workstation Design Alternative
The angle in the scrapg corner of the paddle wgsing to be cuby a corner round
router(Figure 6)powered bya motor turning it and is to be installed in an assembly together
with the saw, which in turwill be moved by a stepper matdheinstallation of the router and
the powering motor are not done in the current prototype but will be integmatezlmachine in

the near future.

Figure 6-Round Corner Router
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Feed rate for all components wenealyzed theoretadly and then tested physically,
particularly those of the cutting toots, assure that the materditl not burnin the process

damagng the tools or the machine.

3.3Dirilling

3.3.1Design Alternate 17 Mechanical Drilling Assembly

Anotherapproach for our machine wasbuild a straightforwarccombination of
mechaical components, equipped wekectrical controlsThis design iglepicted in Figure.7
As raw material will be obtained in the form of sheets cut to the required width thrgcutti
performed by the machine will be along the width of the sheehis design the holes were
going to bedrilled by a set ofig drill bits mounted in a supporting base and-geéto the
desired measurements. By having all the drill bits mounted ed fiasitions, the accuracy of
the distancebetween holes, which is the ordsitical dimensionin the complete part, is assured.
This will also improve drilling time since all holes will be drilled simultaneously. The drill bits
used will be specificallgesigned for drilling hard and soft plastics and they also feature
characteristics, such as point and rake angles, which minimize or eliminatedsffrom the
material being removed while cutting the holes, tasylin a smoother internalirface. Moe
details about this drill bican be found at Appendixdf this report. Some dhe concerns with
this design ar¢he force requirgto press all drills at oncagainsthe material being drilled and
the vibration created by ahedrill bits acting orthe materiasimultaneously

Thesix drill bits should be interamected by a mechanical systarmd driven by an
electric motor mounted in the center of the frame supporting the drill bits and connected to the

certer chuck.The up and down movement will be provided stepper motorThe two systems
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considered wera belt system aa chain and sprocket combination. Both of these systemsf
considerably higher cost and complexity. Hence their construction and assemlulytakeu

longerthanthat ofthe final design presented in the next section.

Figure 7-Mechanical Drilling Assembly Design

3.3.2Design Alternative 2 Drilling WorkStation

The lastmgor design explored was fi CINiCk et@m, adsy referretb in this report
asadrilling station(Figure 8) The concept of CN@Qoesbackto the 4@s and 56 when the
combination of existing machines with electrical controls started to become pdpdaapid
development of electronias the last few decades hafectedthe CNC technologyaccordingly
This has revolutionizethe manufacturing industries kiag almost every process faster, more
accurate, and consistent. A great deal of knowledge has been gathered by industrieslthrough a
thesedevelopments and a considerably large number of applications are in use today, making the
components of CNC available in almost every possible form. The concept discussed for this
project was bagkon the combination of a cuttand a drill, mourgd ontwo linear motion
systemsmoved by stepper motors and controlled by a driver connected to a carfoumer of

the concerns when discussing this design weserice of accurately controlling the position of
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the drill when moving from one position the next and the constant movement of the electrical

wires connected to all the moving devices.

Figure 8-Drilling Workstation Design

3.4 Material Movement

3.4.1Design Alternate 17 Roller Table
Since early irthe comeption of this project it was realizétatsome sort of mechanism
to move thdJHMW-PE sheet from point A to B while controlling the rate of movenant
required One approach to sohy this issue was to buikdroller table as seen in the picture
below. This design includes nine galvanized steel rolleusposey separated at different
distance$o minimize the torque required to move the work piece forward. A stepper motor was
selected that would easily overcome this torque, and both the legs andvieeenaade of

standardl & 2 &teel tubing.
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Figure 9-Roller Table Design Alternative

3.4.2Design Alternate 21 Automatic Material Handling dble

Thetableillustrated belowwasone of the alternativediscussed while brainstorming on
how to move the sheet of material to the specifiedtiposivhere the other processes were going
to be condicted The way this workis havingtwo sliders, oe longthe xaxis, through which a
pusher slides, and anoth@rthe side that holds the sheet of polyethylene and moves with it at
the same rate the pusher displatessheet forward. Both of these maclsms are moved by
stepper motors turning twead screwsTheylay in an aluminum tabl& providesystem
stability and accuracyOne of the biggest disadvantagéshis desig is thatit requiresa lot of
machining to bring this model to life and in the proceks af material would be neededhus

the price of developing this model would be high.
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Figure 10-Automatic Table Design Alternative Trimetric View

Figure 11-Automatic Table Design Alternative Inclined View

3.5 Feasibility Assessment

Research of all these possible options, while keepingnd oost, availability,
complexity andnaterial being handled amg other factors led us to chodke designpresented
below. As can be seen the roller table was chosen formga¥ie work materisdndthe CNCi

like approach usindead screws and steppaptors, was used for bothe drill and sawing

33



Paddle Maker Machine and Material Selection

station This design was the most time effective and cost efficient approach for doing a Paddle

Maker machine.

Figure 12-Overall Design

Some small details emot included in thidrawing A section view othe first draft is

shown below
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Figure 13-Section View of Proposal Design

Next an exploded viefFigure 14)is presented to helpedtify the different components

that make up the whole assembly.

Figure 14-Exploded View of Proposal Design
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A drawing of thefinishedpaddle(Figure 15)was done to helpisualize he needed

proccesses.

Figure 15-Targeted Finished Paddle

3.6 Design ProcesBiagram

3.6.1Material Selectioriogic Diagram

Iteration

Figure 16-Steps for Material Optimization Process
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Theoptimization process involved tiieur steps mapped above and detailed as follows.

Stepl: Recognizel the need theimprovement of the product (obtaining a better friction

resistant material) is the most important part of the entire process.

Step 2: Research material for new current testthis part of the process includédding a

product with similar or improved progées to that of polyethylene.

Step 3: Test the new materialafter receivinghe material it was testethd compared to

polyethylene wear.

Step 4: Improve the designAs a result of the test perfoed on the new materiajuanitative

measure were obtaad and results are presented in following sections.

3.6.2Proposed Machine Design Logic Diagram

Figure 17-Machine Design Proces
Step 1: The machie wasdesigned such that the plastic sheet will be easily rolled over a
platform(roller table)to the drilling area.
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Step 2: A table workstation consisting of twméar stages and a drill systemoved by stepper
motors weredesigned to create holes on thaspic sheets.

Step 3:A sawmoving by means of inear stage and stepper motoits the paddle teequired
dimensiors. Also a round corner routenpt included in the prototypejoving bythe same
system as the saw could do Hée angle.

Step 4:Evaludion of the praess wagerformed on the accuracy of the design.

Step 5:Improvements were done until the final produetsebtained successfully.

3.7Proposed Machine Design
After considering all of the above mentioned systems and procedures, the final
conclusions were:
1 The design preference for drilling wBgsign Alternate 2- Drilling
WorkStation.
1 The design preference for material movement Besign Alternatve 1- Roller
Table.
1 Thedesignpreference for cutting wd3esign Alternate 31 Circular Saw
Workstation
The complete design includedable with rollers thdacilitated the movement athe
sheet toward the drilling station. This tablnsiss of several, free motion rollerand one driver
roller thatpulls the raw sheet forwardy aprescribed distance, whichtise desird width of the
paddle.Then thedrilling system movethrough linear stages in the lmmtal and vertical

directionsto make the sikolesneeded
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4. Project Management

4.1Timeline

Tasks

Literatare Sarvey
e
. Calatation —
L bl .4
Selection & Testing
" Parts Ondering T
Constraction —TTE—
Machine Testing
Paddle Testing m

Presentation m m
R eportPesparaion

Figure 18-Project Timeline

08/12/09

08/18/09
08/28/09

08/05/08

4.2 Team Breakdowwf ResponsibilitiesTasks and Bles

The timeline and responsibilities table is an approximation of thesjmetin the
different tasksand it only reflects the most important subjectse Tdam members name
appearingn thearrows just represent the personcharge of that specific category. The team
member sdé6 tasks refl ecmhemdb dwEd responsibilitis; howevdrow t he

every membeparticipatedn every specific areand n the report as a whole.

The table below shows the approximated number of hours each member spent for each

category.
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Table 1-Numbers of Hours $ent

Category Nestor | Jorge Orena
Literature Survey 85 83 90
Machine Design 61 58 46
Machine Drawing 55 55 12

Calculations 9 26 19
Material Search 3 2 19
Material Test 5 4 51
Machine Components
Ordering 10 8 4
Construction 55 48 39
Machine Testing 48 46 40
Software Installation 3 3 3
Software Verification 4 4 3
PaddleTesting 2 1 1
Presentation 6 7 9
Report Structure and
Contents 50 48 53
Total Hours 396 393 389

4.3 PatentCopyright Application

For an invention to be patented such idea needs to be novel and the inventor must show
how the invention works. laddition, it is important to keep records of all details; including
drawings, brainstorming and dates of importance. To ensure it is a new idea one must search the
US (sometimes foreign) patents, and technical journals for related inventions. One tthpl usua
used by lawyers when they want to research whether an invention is original or not is
google.com/patents.

A US patent cost depends on the technology involved.
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T The initial cost to have a patent searched, and to have an opinion if the idea is
paterable is $650 to $1000.
i A patent application which includes®drawings cost$150 per one drawing for
a total of $450.
T Next, an abstract and detailed description has to be prepared for the application.
The feesn simple mechanical cases are $4500. The fees for software,
computers, and electrical systems are $7000. For a more complex system such as
shock absorbing prostatic device the cost is $15,000. For highly complex such as
telecommunication networking systehe feewould be $15,000 +.
Next, he application filing fee coisig $355
An amendment for the application can cost up to $2000 in attorney fees.

Final patent issue to the USPTO costs is up to $1300

=A =4 =2 =1

Maintenance fees range $2995790, and it increases owée life of the patent.

The patent grcess is relatively expensive. Amventor can spend up to $Q00 in order
to obtain a US pate. An aditional fee of $20,000 for a patent protection in a foreign country
can be expected. Meover it takes abou3dnonths for the complete process.

A search for amutomated plastic dirng, drilling, and saw machine, usitfs patents
websiteg28], led to no results faihesespecific combined functions. The new paddle maker
machine is a unique design for a veaytcular application that will indeed save time and money
to any company using DragFlight Conveyor.

Even though the design has a low cost and provides a unique application, the team has no
intention of fling for a patent at this poisince this poject was supported and thus intended for

the Miami facility of Vulcan Material. Furthermore the possible clients soliciting for this
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machine is limited, which makes profiting from it a risky wea. In addition,the Paddle Maker
is composed of manydifferent mechanisms that have long been patented, namely: drills, circular

saws, roller table and CNC workstations, which could also make obtaining a patent even harder

4.4 Commercializatiorof the Final Poduct

In order forThe Paddle Maketo becomnercially ready many different parts need to be
optimized for instance, the drihg assembly motaaind the two lead screws of the saw and
drilling assembly respectively.

The prototype presented in this report, was built just to demonstrate that ouar desig
works, thus some parts were substituted to be able to meet our budget. In order to transform this
prototype into a commercially viable product, the drillmgtorneeds to be substituted with the
one suggested ippendix L, also the whole thread rodsateto be substituted with lead screws
shown in Appendix Pso that both the saw and drill assembly run sngathd more accurately.
Also a slider table as proposed in the future work section should be included to the machine as an

accessory to be able tollect the paddles.

4.5Discussion

Management is one of the most important tasks of any engineering pVogasdtly
meetingsvere heldo discuss tasks to be accomplished, and to ensure that the Table of
Responsibilities was being followed in a timely manner. Different tasks were split between
members according to their abilities, yet the more intensive tasks like design, construction,
optimization and testing were mostly accomplished by group work. Cost was an important factor
affecting nearly every decision throughout the realization of this project. To meet the budget and

time deadlines some concessions had tmadeas mentioned inextion 4.4 and Future Work
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section 10Qyet because of having had a well timed and organized breakdown of tasks, our

prototype was successful and both the machine and the paddles met expectati

5. Engineering Design and Analysis

5.1 Structural Design

Structural design and analysis in the engineering process of creating functional
machinery are extremely important steps that need to be revised thoroughly. Sometimes
restricted by the objective conditions and specifications of the output product, leagha
presented in designing structures goes beyonsicibygeof this project. Based on practical
knowledge, information gathedfrom numerous sources and the help of computational
software such as SolidWods Beam 2D 3.-andExcel a logical design ananalysis of the here
preseted structure and mechanism veasmductedSome preliminary analyses wetene and
arepresented in the following section of this paper.

Selecting major componentsrfthe machine being designed veasindamental step in
the tak of designing and engaering a working device that coulgperate under the presented
restrictions and coditions. Some of the factorsonsideredor component selection wetige
cutting speed and the feed speed ofdiik bit.

For the construction of the frame, standard ct angul ar Rsaédilo t ubi ng
combination with several other small structural speegts Several pieces wereade of
auminum to reduce weightost ando increase durability of the completed mechanism.

The selection of the main electrical components for this machas a challenge that
wasdirectly discussdwith the team advisor, other professors and several oflectrieal

engineering colleaggdefore buying the motors and controller Kit.
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Fundametals of mechanics of materials and material properties were applied in the
search for a material thatould have better performance when operating under the specified

conditions.

5.2Dimensions

Somethe dimensions of interest in this project have alrdsn mentioedin previous
sectionsProduction time of a paddle, machine cost including maintenance, and raw material cost
are some of theost significanfundamental aspexof the project

The final cost of the completed machine was intended to fiteukeler $2000 USD for
future commercialization purpose&3uotes from several different companies and materials were

obtained and are presented in the following section with the intension of reducing material cost.

5.3 Material Selection

5.3.1PaddleMaterial
E-Beam Services Inc. provides crdsking and chain session services for a price of
$900 to any sheet size. The crlisged cost per sheet shown in tladle from Horn Plastic Inc.
is not ex@nsive because this was an exchange with othetorémmaterial.The crosdinked
UHMW-PE could not be welded and therefore was traded off with regular UH#\&heet. We
were not able to get information on the data sheet. However the sample color is Orange which

indicates thathe UHMW-PE hadundegonethrougha process.
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Material Cosfor UHMW-PE Sheet

Table 2-UHMW Cost

Vender Name Size TXWXL Cost per Sheet Cut to length Cost

(%) (CTL37-1/ 40
Interstate Plastic.com | x4 8x% 2 0 471 500
RPlastic.com | Oox4 8>l 2 0 ¢ 356 395
The Gund Company Inc. I Ox 380x 480 216 250

Horn Plastic Inc.
(With Crosslink Process)

I Ox 600 x 960 *242 285

5.3.2 MachineMajor Components
The proposed systemadsmposed of several mechanical and electrical conmieieat

work simultaneously to achieve the targeted end product. The major componentoboeas

i Beginning wth a DC electric motor thatrovides rotational motion t¢he drill

assembly.
9 A DC motor thaprovides rotational motion for the saw assembly.

9 A beltand timing gear system thansfes the rotating motion and torque from the

motor to the drill bit assembled in a custom made shatft.

9 The drill bitshaft has a simple chuck machined on it, so that the drill bit can be
removed if necessaryhis shaftwasmachinel to custom fit the existing assemtity

reduce vibations created by centricity differences.
91 A drill bit specially design fodrilling hard and soft plastics.

9 High speed bearings thstipport the shafts holding the chucks.
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i Four stepper motors thatovide linear motion to the drilling workstation in the
vertically and horizontally directioand to the cutter ithe horizontal direction

parallel tothat ofthedrilling, and rotational motion to the roller table

1 A6l ocircular sawpowered by aelectric motor, to make the horizontal cut to the

desiral width.

i A table composd of several rollers where tebeet of raw materialides towards
the cutting machine.
As mentionedibove these are some of the mossential componentiscludedin the

assembly of the present machiase improvements are made more componeilitbe required.

5.4 Force Analysis

The force aalysis is mostly covered #ppendix J Torque Calculations section. Here
the torque needed for the two main stages of thehine was analyzed, namely: the linear stage
and the roller table. The torque ftwetroller table stepper motaas found to be approximately
0.23 Newton per meter (Nm) or 32.7 ounces per inch (OPI); while the torque that the stepper
motor on the lineastage wouldheed toexert was found to be around 17.7 ounces per inch (OPI)
for the worst case scenariavhichis when the drilling assembly is going;upis torque is called
raising Torque or g All assumedalues specified ilppendix Jwerethose ofworst case
scenarios taken from mentioned sources.

In the case of the circular saw motor, the drilling motor and the stepper motors providing
the horizontal movement for the drilling assembly, finding the necessary torque was

accomplished as follows.
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Firstwe lookedatdifferent similar saws in the market and fouhdt the best one to
compare to was eordlesone- since we argoing to use a DC motor to powiie saw. Usually
cordless saws range ar@uiv20horsepower (HP) and have argue of about 7.80PI). Then
Mr. Zicarelli from the Engineering Manufacturing Center at Florida Internatidnadersity
recommended usingachinist Toolboxwhich is known computer software, find an estimate
of whatpowerwouldtake to cuUHMW-PE Using this progrant wasfoundthe horsepower
and torquevould be 1/10 HP amh 15 (OPI) respectively. Thaast were done using a DeWALT
cordless sawSeverabpieces of the materiato be usd were cut successfully atden from the
specs of the machinthe powemas foundo be 1/20 HP. Thus afteoing this set ofestsa
range ofpower and torque requiréd cut this materialvas estimated~or simplicity it was
decided to use an existing cordless saw and just replace the blade with one for plastics,
guaranteimmg succes for the given case.

For the drilling motosimilar steps athose forthe circular saw motor were undertaken.
From the literature survey it was found that similar cordbesgerdrills usually range from 1/20
to 1/5 HP and 50 to® OPI for the torquesvhile from the Machinist Toolbox the estimation
was ¥4 HP and 214 OPIo find the correct RPM to operate the drill bdrdl presswas used.
Several holesveredrilled letting the speed of the driller vary. It was found that anywhere in the
range of 70@o 1300 RPM the sheet could be drilled and good finished holes would be obtained.
Thentests to find torque andhsepowewere done bysing a Dewaltt cordless drill whose
specifications were 1/10 Hp and 100 OBbdmbiningthis information it was decidd that a
motor capable of providingy/8 HP and 170 ORlas acceptableret this motor speed was much

greater than needed, so as part of the assembly a gear pulley system was included to reduce the
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speed of the assembly to approximately 1300 RPM, whidteifastest speed achieved in our
testing, while stillobtairing quality holes.

Since the stepper motors torque requirements for the roller table and the linear stage were
the ones expected to be higher than those used in the horizontal movethesaafasembly
and the drilling assemblwg, kit was purchased to exceed the specifications of the higher torque
component, in this case the linear stage (17.7 OR#Y.drillassembly and saw sembly require
less torquelue totheir providing displacemernn the x directionandnot carrying as much load
and having two high precision rodad bearings supporting theihe kit bought was a great
decision since it saves us time and morfeginglepackagerovidedus witheverything needed
for controlling the disgcemerg of the machineadriver, four (270 OPI) stepper motors, one
power source and@ntrollingboard. Anothemajorreason why these steppers were chosen is

because their compatibility with tlreountingof thelinear stage

5.5 Dynamic/VibrationAnalysis
The teantonsultedDr. Levy on how to conduct vibration analysis on the system.
Levy recommended a simple methafchnalysis in ordeto find an approximation ahe first
natural frequency that could be comphi@ the frequency that the nwos are running atHe
suggested that the naturalfrequency othe system is differerthan thenaturalfrequencyof all
motors then no resonance will oar and the design would be safecritical vibrations.If the
system frequecy falls withint 10%of the natural frequency @y motor it is not considered
safe anda simple vibration absorber composed of springs and shasgd be used.
The paddle maker machine is fordney several subsystemsamelythedrilling station
sawing assembly andraller table For that reason it was chosentouse Dunkery 6 s f or mu |
[31] to determine the syst@nBnal natural frequencyDunkerley 6 s f or mul a gi ves
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values of thefundamentafrequency of a composite system in terms of the natural frecpgeati

its components. The fundamental frequesicgwing inFigure 19was used to include all

subsystems
1 1 1 1 1 1
Wl 2 Tt aE ot 4 12 =
H 1 w3 603 wtable wdrill Waaw ws%stem

Figure19Dunker | ey 06 For mystem Used f or

The natural frequendprmula iso =

wherek is the spring coefficient and is the
mass.
U K equivalentandtotal Massfor eachsubsystenwas calculated:

1 Roller Conveyorassembly Thelegsexperiemethe same deflection; thus tke
equivalent is irparallel. They were simulated as fixed beams of d@&c cross
section. Thenine rollersweremodeled as rodsxperiencing the same deflection,
hence theyvere considereth parallel. Theframeof the roller table was divided into
frame_ and framey, and both were modeled as fixed beams with a thin walled
thickness crossection.The legs, fame and rollers can be takenraseries since
they allexperienceéhe same load.

9 Drilling assembly- Thetwo support rods are considered fixed, andlé&a&l screw is
consideredisafreerod. Thedrill station which includeselectrical motor, stepper
motor, rods andlinear bearings are considerasione massThe two rods and lead
screw carry the same load, namely the weight of the assembly, thusehey a

considered to be in series.
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1 Sawing assemblyIncludes thesame parts as the drillirggsemblyThe only
differenceis the length otherods and lead screwhe saw blade and motor are
considered as one ma3se rods and lead screw carry the same load, namely the
weight of the assembly, thus they are considered to be in series.

1 Sheetmover assembly the stepper motor andheels move the sheet to be tw
lengthvery slowy. Thewheelsonly turnapproximately3/4 of arevolutionto move
the sheet the prescribed distance and thus this assembly including its respective motor
is deemed stationary and is excludiein the vibration analysis, though its mass is
included in the rollerdéds table mass.

U The total naturalrequency for the system was calculated td 089 rad/sec
U All motorsfrequencywasobtained by converting RPM to Rad/sec. The smallest natural

frequency for the drillingteppemotor calculated to b&.236 rad/se
U SinceY¥ systemis different than angf any motor, and since the value does not fall within

+10%0f any motordés frequency value, the mac
5.6 Deflection Analysis
Member deflection is a considergifdnportant topic irnthe design of angtructue. Even
thoudh thesystem here presented consata combination of simple structureieterminiry the
deflection of the key parts of the machimas of interest
The linear shafts holding the drilling assemltiging the thinnest and longer members,
were the compomgs where the major deflection was expeciidte deflection and other
properties of interegor these supporting shafts were calculated using the very well known
software Beam 2D version 3.1 and are presentégpendix K The two tentative dimensions

forr t hese shaf t sThelead carriegl by@wio ofahest shafts at ‘any time is 8 Ibs,
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but to be on the safe side, a 10 Ibs load, located at the center, was simulated on a single shatft.
After performing this anddnysinsndeflackoni 06 shaft w
specfication The maximum deflection was foumolbe 0.03746548 at t he center of

where the load was beirgpplied (Fgure 20).

Location | 0o in

0.0

Deflection
in

003746542

01609954
Slope

deg

0.0

01602054

50.0
Moment
Ib-in
-50.0] 00
50
Shear
Ib
5.0 5.0

Figure 20-Deflection Analysis of Linear Shaft

5.7 Material Analysis for Machindssemblies

Structural analysis involves the consideration of physical properties in the effort to
predict and study the response of a structure to the adversities of the enviriomwvigohit is
operating. Involving the furamental of material failure theories, mechanics, as well as non static
loading, the fundamental goal of structural study is the estimation of stresses, internal forces and
physical deformations. This portion of the engineering design process has besentialgs

important as a result from the demand to save money in the realization of direct testing.
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When building any kind of machinery, it is of great importance to estimate the life span
of the design by predicting failure using theoretical analgsiactural analysis to all possible
componentsvas donaising SolidWorks Cosmos Works in order to determine their performance
under continuous applied loads. Finite element analysis was usekéosure the structure is
safe. taining a higlfactorof safety will guarantee reliability of the Paddle Maker and
minimizevibrations. Futhermore Deflection Analysis wapplied to determine how much the
different parts of the maate displace when under stress and the results are presetited

following.

5.7.1Stress Analysis

Model name: AssemS

Study name: Study 1

Plot type: Static nodal stress Stress1
Deformation scale: 19417 4

von Mises (N/m*2)
7.107e+005
6.515e+005

. 5.923e+005
- 5.330e+005
- 4.738e+005
. 4.146e+005
| 3.554e+005
. 2.962e+005
. 2.369e+005

. 1.777e+005

1.185e+005
5.928e+004
5.840e+001
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5.7.2Strain analysis

Model name: AssemS

Study name: Study 1

Plot type: Static strain Straint
Deformation scale: 19417 .4

ESTRN
2.590e-006
2.375e-006

. 2.159e-006
- 1.944e-008
- 1.728e-006
- 1.512e-006
1.287e-006

1.081e-006

. 8.654e-007

. £6.498e-007

4.342e-007
2.185e-007
2.920e-009

5.7.3Displacement

Model name: AssemS

Study name: Study 1

Plat type: Static displacement Displacement1
Deformation scale: 19417 .4

URES (m)
£.319¢-006
5.793e-006

. 5.2662-006

. 4.7392-006

. 4.213e-006

. 36862-006
3.1608-006
= 2633-006
| 2.106e-006

. 1.5802-006
1.053-006
5.266e-007

1.000e-033
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5.7.4 Factor of Safety analysis

Model name: AssemS

Study name: Study 1

Plat type: Design Check Design Check1

Criterion : von Mises Stress

Factor of safety distribution: Min FOS = 5.7e+002

FOS

1.000e+000

9.167e-001
8.333e-001

. 7.500e-001
. 6.667e-001
. 5.833e-001
| 5.000e-001
- 4.167e-001
. 3.333e-001
. 2.500e-001

- 1.667e-001

. 8.333¢-002
0.000e+000

Stressand Straimanalysis resultshow a very safe and stable table model .Deflection
Analysis shows that the center of the sifi¢he table is the one experiencing the most deflection,
yet this value is vg small, approximately 6.31 *10inch, thus the current design it also a good
one on this aspecilThe factor of Safety is very big, which is desirable for a machine that is

expected to have a long lifespan.

5.8 CostAnalysisfor One Paddle

Below you will find a Table that estimates the cost of producing one pattl¢he
proposed design, the Paddle Malés it can be seen the cheapesi@pwill imply a saving of
$7.75per paddle, when compatavith what the actual manufacarr(The Gund Company)
charges/ulcan Materials, $13 per paddle. Charges which multiplied by the 114 paddles needed
for the conveyor belt would represent a savinglofost$884 per paddleshipment Corsidering

that a new set of paddles must be installed every month, in order to efficiently load with powder
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cement the trucks, the total savings for the company would be ar@060&a year. Thé is
only in the Miami Facility. If every facilitghat use Drag-A-Flight conveyors today for load
product from trains to trucksan save that much monele paddle maker could mean huge
savings not only for Vulcan Materials but also for any comparlye construction field
interested in this technology.

Table 3-Paddle Production Cost

Interstate Plastic.comn1/2" x 37" x72" $500 205.714 0.256 0.877 12.174

Rplastics.com [ 1/2" x 37" x120' $395 342.857 0.426 2.436 5.796

The Gund Company 1/2" x 37" x72" $215 205.714 0.256 0.877 5.247
Current Price 13

Below a discussion of the equations used to produce this table is presented.
1 Time(minutes)=5 min* (sheet size/paddle size)
1 Machine functioning cost = Power hdursto produce paddles)*($0.10 per KWy
1 Cost of 1 paddle = (sheet cost+ machine functioning cost) / (amount of ppdutiesed

from that sheet).

In the time equation, five minutes is the tierapiricallydeterminedequired to
manufacture a singlgaddle. That multiplied by the amount of pastdbbtained from each sheet
gives you the time that it takes to make paddles out of that sheet.

The Paddle Maker us@sDC motorsand 4 stepper mototkat account for the total
horsepower of the machinery to égproximatelyl HP. This is converted toW, and then to
KW-h using the time calculated in the first step. That value times the average KW per hour cost

in Florida, namely $0.10 yields the machine functioning cost.
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In order to obtain the amount of paddles produced from a given sheet, the seze of th

sheet is divided by the desirpdddlesize.

6. Prototype Construction

6.1 Description of Prototype

Thetargetof this project was to build machine that would produce construction paddles
to be fitted in a Drag\-Flight Conveyor .These paddles needs to bedd#g, Yo thick and
1%0wide, havingsix holes 7/16 diameter eaclspaced by a distance of 647 he current
design of the paddialso features an angle cut in one of the sides to decrease friction.

A machine, The Paddle Maker, wamstructed to produce the paddles autonomously
from a given sheet of raw matdridhus the machinfrst movesthe sheet of raw material to the
position where a pulleybelt system drivng the drill bits makes the holesThen a saw movdsy

means of a stepper motor aadtes care of the cutting.

6.2 Parts List

6.21 Motors and Stepping Motors
FourNema23 Hybrid Bipolar Stepper btorsof 2700zi n, 1/ 4 0 wetauuaedtosbva f t s,
thedifferent linear mechanism$ypically controlled by a computer and drivdrese motor are
among the most common systems used in machines requiring motion cdduahcemersin
electronic controlfiave made st@ersmotors more popular than ever in almost every modern
industry.
The torque of these motors greatly exceeds that required Bygteanthe reason for

this is that these motors were bought toanpletekit, including the power supply dn
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controller By having allsteppemotors of the same size and framal facilitate future

maintenance.

6.22 Gears and Timer Belt

The design of the machine requimreeéangransmiting power from the electric motor to
the drilling shaft while reducing the speed of the motor by a ratio off®:dccomplish this, a
combination of two timing gearsasselected since no slippage between the belt and the pulleys
was desired.

The driving plley was chosen to be a 24 topfftetal Plastic, with Aluminum Hub to
meet the size of the motor 6s soatfitomeetthee dr i ve
required rpnfor consistent drilling and acceptable hole finishing. This last pulley was not

available in any other material but steehichis heavier yet more lasting than plastic.

6.23 Bearings
All bearings used in the design and construction of the machireepiaked from the
McMaster catalog while keeping in mind their availability from local vendors in case
replacemergtwere to be needed in the futuddl bearings wereselected depending on their

specific functionlocation in the machinand load carried

6.24 Linear Stage
After estimatingtheweight of the finsheddrilling assemblya suitable linear stage was
selected to withstand the torque and reaction forces created by the drilling process. The selected
linearstage ia MLPS-4-10low profile seres from Servo System Caanycapable of
supporting a 10 Ibs dynamic load ondaitravel rail. The manufacturer specificaticheet is

attached in Appendixadf this report.
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6.25 Rods and Supports
After studying the shaft deflections and internal foqme=sented in preceding sections
the shafts used were Linear Motion shafts made 81 Ab66 Steel, meeting surface finish

requirements for the selected linear bearings to travel smoothly.

6.26Sy st Privéd s

An automation machine technology is usedri@e the four stepping motors running the
vertical and horizontal motion for the Paddle Maker Machine. Rockcliff 4 @XC motor V10
Driver (Figure 2) enabledunning the machineat low cost and high perforance. The 4
stepping motors are Btolar mobrs makng the systenmore powerful. A bipolar motor has a
singlewinding per phase, unlike a ypolarone,which has two windingper phase. In a uni
polarmotorthe magnetic polean be reversed without switchingrrentdirection, where as ia
bi-polar onethe current needs to be reversed in order to reverse the magnetic field. Hence, the
driving circuit must be more complicated.

The four colored coded wire connection shownha schematic diagram in Figure 22
must be carefully checkedn incorrect connection will destroy the controller. The current level
can be adjusted using a potentiomeatdrich converts the voltage to motor output current.
Stepper motor performance is dependent on the drive circuit. The motor drive can handle 30
VDC and can generate voltage and current back into the circuitry. Motor failure can occur when
exceeding 35 VDC. The power source for the driver is a 12 or 24 volt power supply. The 24 volt
supplywill reach the speed and torque twice as &asihat othe12 voltone

Stepper motors step from one position to the next, and theiracedsnstantly

energized. As a results, when running at certain speed they are prone to vibration. Motor dumper
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or changing acceleration helps remove vibratidre Rockcliff driver board usea PFD

adjustment setting to help remove resonance

Motor Drive

Power Supply

Stepper Motors

Figure 21-High Performance 4 Axis CNC Motor V10 Drive

Figure 22-Schematic Dagram for Rockcliff V10
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6.27Systembs Software

PGbasel CNC software, the Mach 3 series, available from Artsoft USA is used to run
the Paddle maker machine. Rockcliff provides a special file iRwoekcliff4X. XML 6to
configure Mach3 software settings to the motor drive board. Mach3 features andisiactio
easy to useMach3 providegutorialsthatcover basic knowledge, installation and configuration,
as well as many troubleshooting videos.

Mach3 minimum computeequirements are not supporteglLaptops due tanherent
powersaving featuresTo usethe features and run the machaeeurately a desktop PC was
usal which outputs more consistent voltagess parallelport pins.

One of the features provided by ®fE3 is to allow us to use the€¢ade program
language in order to move the motors up, doeft and right.

Mach3 is easy to setup, and it has many great features whielasy to understand
(Figure 23).Some features used in Mach3 areC@de display, MCode display, spindle speed
control, relay control. The program can control leathills, Routers, Lasers Plasma and even

engrave.
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Figure 23-Mach3 Screen Shot Eatures[39]

6.28 SawAssembly
A motor from a DeWALT circular saw was used to drive the carbide blade that cuts
along the length of the raw material.
The following table was developéar some of the commercially available power saws.
The cheapest of all &se options was the third choice; howevee tHP of this machine is too
largefor therequiredapplication, thus the DeWALTordless Circular Saw waelected. Details
of this selection are shown fable4 andFigure24.

Table 4-Power Saws Comparisorj38]

Kett Electric Plastic Cutting Saw KS-224 | 353.77 120 5 2500 Plastic| 600 0.8046
Dewalt Cordless Circular Sajv DC9390K |  199.99 18 2.4 3700 |Plywood 43.2 |0.0579313
RIGID Circular Saw N/A 99 120 15 3000 | Framing| 1800 | 2.4138
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Specifications
Voltage
No Load Speed
Blade Diameter
Bevel Capacity
Arbor Size

Depth of Cut at 45°
Depth of Cut at 90°
Tool Weight
Shipping Weight

18V
3,700rpm
6-172"
0-50*

1- 518"
2-1147
8.7Ibs
Olbs

DC390K

6-1/27 (165mm) 18V Cordless XRP™ Circular Saw Kit

Product Features

3,700 RPM for fast np cuts and cross culs

6-1/2" carbide tpped blade for 2x cutting capacity at 90°
and 45°

High strength magnesium shoe and upper guard
provides increased durability for long-term cut accuracy
0.50° bevel capacity provides additional capacity for a
multitude of applications

Fan.cooled motor with replaceable brushes for
maximum power and durability

XRP™ extended run.time batteries provide long run.time
and battery kfe

Warranty Information
This DEWALT® High Performance Industrial Tool comes
with 3 warranty package thatindudes

o 90 Day Money Back Guarantee
e 1YearFree Senice Contract
e 3Year Limited Warranty

More information on the general DEWALT warranty

The DC390K Includes:
e 1 hour charger
o 18V XRP™ battery
Carbide tipped blade
Blade Wrench
Kit Box

Figure 24-Circular Saw Specifications and Feature$38]

6.2.9Drill Motor

Through an extensive search of similar motorshe market and whilperformingtess
of our own, as explained the Designsection, it was foushthat the motor needed to have at
least 1/10 HP and 100 ounadgorque per inchFollowing this criteton some commercially
available motors were salted as shown in thppendix L, yet their prices range fro8800 to
$400. Hence for the purpose of this prototype the motor shown below was used, in part because

it has 1/8 HP and aldmecausdét was adonatioh r om t he teamds sponsor
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Figure25Pr ot ot ypeds Mot or
This motor has a speed of 3600 RPM, thus a gear reduction system was added to the
assembly to bringown the speed to about®RPM, which was proven to laa effective
drilling speed yieldinggood quality hole# this material Two gears were purchased to
accomplish thisThe following drawingndicates the considerations for determiningcorrect

belt dimensions.
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RO.88

T~

L’“ 3.66

Figure 26-Belt Length Determination

6.210Roller Table
The roller table was desigdand manufactueto meetthe size and functionality of the
cutting process. Structural analyses were presented in prior sections although the table was
expected to surpass desigguirements, and this was proven by the large factor of safety
obtained from these analys@#e roller table was designed so that the distance between rollers
graduallyincreases along the length of the talilg doing this we are decreasing the torque
required for this stepper motor to move the sheet. Thus the motor would have to work less and

therefore its lifespan would likely be extend€alculation details are included in Appendix J.

6.3 Construction

Construction of the machine was a verngnsive and challenging task where our
knowledge and hamsebn abilities were pub the test. The roller tab(€igure 27)was built by
weldingsteels beams to form a frame8 0 lengtim and 38in width. Then the rollers were

installedto allow for easydisplacement of the rasheetof material
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Figure 27-Roller Table
For the construction of the motor assem{bligure 3Q some elemental machining was
done by one of the team members and the centricity of the gear shaft wasdclstol a
deflection gagé€Figure 2§. After doing this it wasealized that the gear shaft waf§-centered
by0.00d due t o t hdeameter fefween thenbeagimnericup and the shaf new
shaft was machined to fit the inner diameter of the bearing to solve the centricity issue

(Figure29)

Figure 28-Shaft Centricity Test Gage
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Figure 30-Motor and Linear Stage Assembly

Forboth the drilling andhe sawingassemblywo supportingodsand one lead screw
attached to a stepper moteereused for movement of the assemhlidDewaltt 18 V circular

saw was used for cuttingor further detail refer to sections 6.2.8 and 2.2.3
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6.4 Prototype Cost Analysis

This section reflects the total price of buying the part¢enads and tools that were
necessary for the realization of The Paddle Maker Machine.

Table5 belowrepresents the approximate total cost of the final de$gnle 6shows the
cost analysis amanufacturinghe machine using the mechanical drilling asisly instead of the
drilling workstation. The reason \ire showing both is that they serve as a comparison between
the two main design alternatives. As can be seen by using the drilling workstation choice, a sum
of around $400 would be saved. This endetheipg an important factor on the decision of
choosing the final design: The Paddle Maker.

Table 5-Final DesignCost

[ CostAnaysis |
Description Iltem Price| Qty Subtotal
Stepper Motor Kit $405.00 1 $405.00
DC Motor $350.00 1 $350.00
Linear stage $249.00 1 $249.00
Pulley and gear $63.37 1 $63.37
Wires and crimps $50.00 1 $50.00
Drill Bits $23.05 1 $23.05
Chucks $0.00
Round rods $0.00
Tubing $22.84 1 $22.84
Welding Rods $0.00
4 1/2 " Circular Saw Blage $25.00 1 $25.00
3/8 "Corner round routef $29.00 1 $29.00
3/8" by 24' Shaft $30.77 1 $30.77
3/8" by 8'rod $30.00 1 $30.00
Bolts $0.00
Linear Bearings $143.90 1 $143.90
Ball Bearings $19.32 1 $19.32
Flange Bearings $45.09 1 $45.09
High Precision Rods | $50.00 4 $200.00
Polyethylene Sheet | $278.00 1 $278.00
Total $1,964.34
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Table 6-Initial Design Cost

Description Iltem Price| Qty Subtotal
Stepper Motor $80.00 3 $240.00
DC Motor $250.00 3 $750.00
Power Supply $200.00 1 $200.00
Wires and crimps $50.00 1 $50.00
Drill Bits $23.00 7 $161.00
Chucks $15.00 7 $105.00
Round rods $30.00 4 $120.00
Tubing $22.84 1 $22.84
Welding Rods $10.00 1 $10.00
4 1/2 " Circular Saw Blage $25.00 1 $25.00
3/8 "Corner round routef $29.95 1 $29.95
V-belts $20.00 8 $160.00
Bolts $15.00 1 $15.00
Bearings $20.00 14 $280.00
Polyethylene Sheet | $278.00 1 $278.00
Total $2,446.79

Not included in these tables is the labor cost involvatigyproject. After having

finished our project all hours related to design, constm@nd testing addagp to be abou910

hourstotal, which multiplied by$20 per hour yields around $280 of prototype development

cost. The $20 per hour rate was usethese calculations since this is the average rate per hour

charged by machine shops in Miami, and is also around the average salatydinmg

engineerssuch aourselves. Howevef this time, 208 hours were devoted to machiniregy th

different ®mponentshadt he t eam

manufacturing center, this time would have been decreased to about 55 hours which would have

cost abou$1375. If this prototype were to be mass produced then thisvpoickl be

significantly reduced.

contracted t
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The following graph shows the approximate amount of hours that each member worked
per week throughout the duration of these last two semesters. The peak represents the spring
break week where the team spent about 250 hours lgtlonprototype. The total amount of

hours is as follow: Orena 389 hours; Jorge 393 hours; Nestor 396 hours.

Project Hours
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7. Testing and Evaluation
7.1Design of Experiments

7.1.1 Mack 3 CNC aatroller Input Verification
Using Mach3 software requires motor configuratiompaits for step pin number and
direction pin number. Mach3 software is compatible wltaRockeliff CNC motor driver.The
figure below shows the pin assignment for the &iappers motors per Ratitf manual. The

configuration is attehed inAppendix R

Mach3 CNC Co
File Config Fu

g's Vien rds  Operator

Wiza
MDI Al2 ToolPath Alt4 Offsets Alts Settings Alf6 Diagnostics Alt-7 Mil->G15 G80 G17 G40 G20 GYU G94 G54 G49 GII G64 GIT

Plugin Control  Help

Program Run Alt-1

History Clear

Mach3Mill

Port Setup and Avis Selection  Moter Outputs \ Input Signials | Output Signals | Encoder/MPG's | Spindle Setup | Mill Options |
Signal Enabled Step Pin# |wmx |DwLuwA(t|... Step Low A... ‘ Step Port
X Asis L 2 3 ¥ L4 1 1
_ = ¥ Asis L 4 H ¥ L4 1 1 I
File:JNoFie Loaded. 2o M : 7 x ¥ 1 1 { rm—l rm—l [ Joz |
Py < . 5 ¥ w n L Toolpath Mode Follow
Edit G-Code B ¥ N o ¥ 4 0 0 | Sj e Speed
ycle Stal = = -
I <Alt-R> I Revert Kile C s L4 0 0 ¥ ¥ 0 0 0 % SRO %
(I:_Ios::z::e e w . ) ¥ w . . 100 Spindle CW F5 100
Feed Hold oac b Lots , ﬁ
<Spc>
SetMNextLine |
Stop Line 0 RPM 0
<Alt-5> Run, Eromabiaad ok [ canced | momy | Sov 0
|
T — =
On/off —
i Units/Min Spindle Speed
AEITE Zinhibit ||___sogomorrcuany ] 0.00
| G-Codes |  MCodes | +0.000 Units/Rev 0.00 0

Figure 32-Conector Pins Assignment
Part of the setup was to obtain the correct velocity and acceleration for each stepper
motor. Figures 385 below arenovemenprofile screenshots for X, Z & A axis. The X axis
assigned to the drilssembly and the Y axis assigned to the saw assebabhymove in the
horizontal direction. The Z axis move the drill assembly vertically, Badhtaxis rotates the

wheels thatmove the sheet forward.
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Mach3 CNC Controller

File Config Function Cfg's Vie

izards Operator  Plugln Control

Help

Program Run Alt-1

File:fiNo File Loaded.

ycle Sta
<Alt-R>

Feed Hold
<Spc>

Motor Tuning and Setup

MDI Al2 ToolPath Alt4 Offsets AltS Settings Alt6 Diagnostics Alt-T Mill->G15 G80 G17 G40 G20 G90 G94 G54 G49 G99 G64 GI7

X - AXTS MOTOR MOVEMENT PROFILE

2 230.769

2 arerr
i
i S 118385
Edit G-Code 2 reem
Recent File ]
0 04 08 12 16 2 24 28 32 38 4

Close GLailg Time in Seconds
Load G-Code

Acce
Set Next Line ‘

Velocity

el —id;

Axis Selection
T s |
ICEC

|
[ath |

TN

History Clear

["Reset |

Spindle CW F5

Q& )

SRO %
100

£ Senior De...

A MachaC..

AT Untitled ="

Figure 33-X-axisfor Drill Assembly (Horizontal Direction)

Figure 34-Y-axis for Saw Assembly (Horizontal Direction)
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~ Velocty Acceleration _ StepPuse  DirPuse
top Line: o Steps per Insormmspermn.  in'sormmsfsecsec  GS 1-5us -5 RPM 0
<Alt-S> b= [[z800 [z00 [s [o.0120508 o Jo Cancel oK 5
oV 0
—— TTUTUUUUUT ) —
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