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Executive Summary

This report summarizes the Senior Design project of Team 2: Duck Hunt. The
team members include Ashley Baker, Ann Nieuwkoop, and Chad Nyenhuis. The main
goal of this project waso design and build a device tapture Common Merganser
ducks for medical treatmén of a par asi t e t hThisprgeatwwases s wi m
done in conjunction with SICon, L.L.C., a company focused on the research and control
of swi mmer 6s it ch. This project provi des
capturing Common Merganseuaks than their current method and will therefore aid in
the control of swimmerds itch on affected |
with include net visibility, remote activation, and adaptability.

A final wor ki ng pr otpartsish @and thidinaludssggm 6 s ma n L
report were completed. The final working prototype design consists opédes that are
set up inalake. A netthat is initially underwater is connected to each pole. When the
trap is triggered, a spridgaded mechasm pulls the nets vertically out of the water and
traps the ducks in an enclosed area. The final cost of this prototype is $528.04 and the
prototype will be given to SICon fdheir usein capturing Common Merganser ducdhks

control swi mmer 6s i tch
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1. Introduction
1.1. Background Information

Schistosome <cercari al dermatiti s, commo
reaction people have to a parasite entetiegtop layer of their skin. The larval stage
of this parasite lives in snails, while the adult stage of this parasite lives in birds,
typically Common Merganser ducks. Swi mmer
parasite accidentally entering tharskf an unsuspecting swimmer instead of a bird
host . Symptoms of swimmero6s itch include
we ek . Swi mmer 6s itch is a common probl em
other northern states and other partthefworld.

In the past the state of Michigarhastreaed s wi mmer & s itch in
Michigan lakegrimarily by depositing chemicals intbelakes to kill thesnail hosts
The longterm effects of thiscontrol method areinknown. SICon has found that
treating the duck hostswith a medicine that kills the parasites is an effective and
environmentally safe method of controlilmgwi mmer 6s i tch on north

lakes.

1.2. Project Overview
The purpose of our senior desigroject was to design and build affi@ent

device to trap Common Merganser ducks for medical treatment and further research
of s wi mmeéncé the dudkscahe.trapped, they willtkeatedfor the parasites
t hat cause s weleaseteback isto thaiatutalenainoroment unhaned.

This process wil/l h e lelpminatiogortlyithe parasitthatnme r 6 s |
cause swimmero6s itch anhd lake @ivirormant™e ng t he
deliverables of this project include a wor

and this final design report.



2. Problem Specification
2.1. Problem Description
2.1.1. Current Method
S | C oauréest methodf trapping the duckss to chasetheminto the
open end of astationary, V¥shaped net Two sides of the net are hidden
underwater, while thehird side is approximately three feet above the water and
visible to the ducks. The sides of the net are pulled up from uheerater by
two people on shore. The open end is then blocked by people to ensure that the
ducks do not escapwhile other peple catch the ducks and give them a pill to
kill the parasites The ducks must be trapped and treated twice a year to eliminate

the parasites.

2.1.2. Current Problems
One problem SICon has with their current trapping methothas the

ducks begind catch on tdhe trapping methadThis makes the ducks difficult to
catch a second time because the ducks can see the net above water and will avoid
it.

Another problem SICon has with their current trapping method is that it is
not versatile enough to be positionddvarious locations around a lake. SICon
has found that Common Merganskrcksusually stay nears certain boat docks.
There is great potential for trapping the ducks while they are in this area.
However, the current trappirgystemwould not work to begositioned around a
dock

Finally, their current trap is not fully enclosed. In order to trap the ducks,
people must be close enough to block the open end of the trap. This requires
more people to trap the ducks and increases the likelihood of the beicigs

scared away.

2.2. Project Requirements
From the problems SICon had with their current trapping method, we

developed a set of design requirements we wantedetet mvith our new trap



These requirements related to the design of the trap and also to taé Seaior

Design course.

2.2.1. Weight

. The weight of the trap shall be minimal to ensure portability

. The weight of the trap shall be minimal to ensure that an adult can carry
one pole

2.2.2.Size

. The trapcomponentshall be as small as possible to enameability

o The trap shall be no larger than 25 feet by 25 feet to ensure that the ducks

will not be able to begin flight

2.2.3. Setup

. The entire device shall be able to be set up by no more than two people

o The set up time shall not exceed 15 minutes

o Once the trap has beemggered, it shall be able to be reset in less than
five minutes

o The trap shall be adjustable to be set up in multiple areas near the shore

and in various water depths

2.2.4. Material
° All materials shall be durable and corrosion resistant in order to withstand

relocation and the lake environment

o All materials shall be water resistant and/or waterproof

2.2.5. Performance

o The trap shall be able to trap ducks that dive below the water
o The trap shall not harm the ducks

. The trap shall be activated by a remote trigger

2.2.6. Course

. The team shall work together effectively

. The team shall complete all course requirements on time



. One focus of the team shall be learning about engineering design and
production in a realvorld scenario
o One focus of the team shall be on learning abougddsom a Christian

perspective

3. Design Norms
In product design, there are certaynidelines or design nornthat Christian

engineers mustonsider. The design norms thdirectly relateto our project are
stewadship, caringgultural appropriatenessansparency, trust

Stewardshipis important for our project because our projedll provide an
environmentally safe method efont r ol | i ng $nwihe mpasehe Gate of t ¢ h .
Mi chigan deposited chemical s ilthednalkteas af f ec:
hosted the parasite$he longterm consequences of this control method are unknown.
Our projectwillaidincont r ol | i ng swi mmer éducks drthélakevi t hou't
environment

Another design norm thaitffectsour projectis caring Our project will notinjure
the ducks or the lake environment; it valily trap the duck# order to treat them for the
parasite. Our project will also help people enjoy the lakes IgafeChildren are more
susceptible to wltsi Gunpeojed wilprotécichidrenvha swimand
affected lakesand also relieve parents from treatingite c hi | dren from swir
as frequently

Cultural gpropriateness is another design norm that is important to our project.
SICon expressethat Common Mergansers are very intelligdatksandthatthey can
recognize thgs that do not fit into their ordinary lake environme®&tince our trafmas
four poles that are visible to the duckse designed them to look like dock poles.
Thereforethe trap will blend into the lake environment.

In the process of designing our project, wso considered transparency.
Throughout the projectransparencyvas achieved through opecommunication with
SICon and complete documentation of meetings, im@ation, and tests.Also, it is
important that our trap can be setup quickly and without much difficultly. Our dissign

simple, so that it will be asasy to set up and use as possibitewill require minimal
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training and skill to use and operatEhefinal productincludes user 6 s manwual an
list to help others understand how to ,usintain, and repair the trap.

The final design norm we considered was truBhe final design is dependable
and made oflurable materials specific to the lakeveonment in order to reduce wear
and corrosion. All parts used to construct our lfidesign are available from many
differentmanufacturers foeasyreplacement.The trapping process repeatable. It can
take three to four hours to guide the ducke ithe trap areao it is very importanthat

the trap works every time.

4. Proposed Solution
4.1. Research
Before we began designing, we researche
itch. We spoke with SICon several times to make sure we understood their
problems with their current trap and the improvements they wanted to see in our
trap. We al so researched swimmerds itch

ducks.

4.2. Design Decisions
Throughout the coursewe made several decisions regarding significant

features and components. Thesign alternatives initially considered in this project
can be found in Appendix BThe first major decisiomadewas between stationary
poles with a moving nebr retractable pokwhere both the poles and the net
moved After firstlearningabout the probles1SICon was experiencingith their
current trap we thoughtthe entire trap should be submerged below water
However, #ter further discussion with SIConye found that thenet was the most
important thing to hideand that v wouldbe able to disguisené poles as dock
poles SIConhad found in the past thy usinga hiddemet it wasmuch easier to
trap the ducks. So, we decided todesign our trapusing stationary poles and
disguise them to fit into the surrounding laken vi r on ment s a@aret hat t he
away the ducks.

The nextdesigndecisionwe encounteredvaswhat type of material to make

the trap out of. Steel was initially considered because it is easy to wetdaatly
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available. However, &uminum was choseas the primary material for the trap for
severalreasons. Aluminum isightweight and would allow for easy transport.
Also, aluminum is corrosion resistannaking it a great choice for the lake
environment. Finally, using aluminum would aide in disgqwg the poles as dock
poles commonly found in the lake.

After we decided onthe type of materiafor the poles, we considered the
shape of the pole. We had the choice between square or round Peoiesitial
design was to use square moleecause itvould be easier to mount a mechanism
onto a flat surface and our pulley system would also fit bettdowever, we
decided to use round poles because they are easier to screw into the lake using
augers.It was then decided that we wouttbunt a square liging on the top of the
pole to solve the problem of attaching a mechanism to a round surfdse, a
Finite ElementAnalysis (FEA)showed that round poles were stronger than square
poles. More information on FEA can be found in Appendix D.

Anothermaja designdecision wasvhether touse a spring or a compressed
air cylinderto pull the nets out of the waterCompressed air cylinders were
reviewedbecause they had very coolted strokes and coullde triggeredeasily
However, air cylinders includedthe inconvenience of having to recharge the
cylinderswith air after each firing. Another problem with air cylinders was the
introduction of possible failure. Because the trap will be used in a lake
environment, water could possideak in and ruinhem leaving the trap useless.
Also, spring are less expensive, available at most hardware or home improvement
store,and were more adjustaldiar different situations.

The nextdesigndecision was how tase the spring ttift the net out of the
water four feet Our first idea was to use a spring that would stretch the entire
length of the poleombined with asingle pulley. The problemwith this idea was
that the spring woulahot be able to pull the nets up the necessary distahbes
forceduslook atdifferent methods of gettinthe net to travel two or three times as
far as the springength. A twaestage pulley system was developeith a diameter
ratioof 3.5 tol. This system would allowhe netto travelseven feet for every two

feetthe springraveled
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Different types of springs were researched/e looked into using clock
spring, similar to the action of a seat bekhis idea looked very promising at first
because it didndot require making a pulley
the cylinder that the cable would wrap around. However, we found that high force
clock springs were not available for winding up seven feet of cable. The highest
force we found was around 15 pounds which Veasto low for our application.

After testirg other types of springs, we chose garage door springs.

Several times & had to decide between building and buying our parts. We
decided to fabricate many of our parts in our shop because this project is very
specialized and will not be massed producEgen though this would be costly to
machine each part special, we would not be able to receive large cost reductions for

having our parts manufactured.

4.3. Trap Design
4.3.1. Design Decisions
4.3.2. Sety
The trap can be set up by two people in approximately fifteen minutes
The trap is designed to be set up in one to three feet of water with a sandy lake
bottom. Methods are provided to adjust the trap based on water depth. Refer to

t he us er OAppendia A farull setip mstructions

4.3.3. Structure
The frame of the &p is four nine foot aluminum poles. They are screwed

into the lake bottom using augers. A PVC frame was considered in cases where
the augers would not be able to screw into the lake bottom. However, based on
SI Conds speci fi cat fondthat Mengdnseo ducks typiealye ar ¢ h
only spend time in areas with sandy lake bottoms. Therefore, since the trap would
only be set up in these areas, we did not design a frame structure.
Strung between each pole is a kiaed, nylon net. The nets arttached
to a cable via quicklips, which are then attached to a two inch ring. This ring

runs up and down a cable guide that is mounted onto the outside of each pole.
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The cable guide ensures that the nets rise vertically out of the water after

triggering of the trap.

4.3.4. Trigger Mechanism
Note that therigger mechanism described is duplicated &tirfour poles.

Inside thepole is a ninety pound garage door spnwigich is initially extended
two feet This spring is attached to another cable via a gdlipk To secure the
spring, a bolt is inserted through the sideha pole. The other end of this cable
winds around @ne inch diameter pulleyFixed to this pulley is a three and a half
inch diameter pulley around which the cable attached to the inds wBecause
of this one to three and a half pulley ratio, for every foot the spring extends, the
net isable topulled up three and a half feet. Therefonhen the spring is
extendedwo feet, the newill travel seven feetallowing it to be submergein
three feet of water while maintaining a height of four feet above the water.

On the outside afhethree and a half diameter pulley is a geih teeth.
A springloaded locking pin fits inside the teeth on the gear. The locking pin
allows the geato only rotate in the direction that extends the spnmmgventing
the net from accidentally shooting upward while the trap is being set. This
locking pin is attached ta forty pound solenoid. ¥Aén the trap is triggered, the
solenoid pulls the lockingin out of the gearallowing it to freely rotate in the
opposite direction as the spring compresses. This action unwinds the cable
around the smaller pullethat isattached to the spring and the winds the cable
around the larger pulley that is attachtedthe net This causes the net to rise
vertically seven feet. This ratchet and pulley system is located on the top of the

polein an aluminum housing box 3.75 inches wide by 20 inches tall

4.3.5. Electrical Components
Note that the electrical components ddsent are duplicated for all four

poles. Inside the housings aplastic, wateitight box containing the electronic
components of the trap. Figure 1 shows a block diagram of the electrical

components.
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Eattery
12V, 2.2 Ah
+ (red) - (black)
35
On/off Amp
Switch fuse |
Gnd (85)
12Vin Relay 12V out
Gnd (87) (30)
+
On/off {86)
Com |
NO
NC |
+ (white) - (black)
Solenoid

Figure 1: Block Diagram

All components are powerdaly a 12volt, 2.2 amphour gel cell battery.
Because the battery is a gel cell, it can be rotated in any position and still work.
Each box also contains a receivéll four receivers run off the same frequency,
so they are able to be triggered simuttauslyby a single transmitter. A relay is
necessary to connect the receiver and solenoid because the solenoid draws a much
higher current than the receiver can provide. A 35 amp fuse is used protect the
components from a power surge. Also wired in® ¢hrcuit is a toggle switch to
allow users to easily turn the trap on or off to prevent draining the baitely

the trap is not in use.

4.4. Testing and Modifications
Al laket esting took place on Reedo6s Lake,

Michigan. Docunentation for all testing was taken with a digital camcorder and can

be found on our website.
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4.4.1. BasicDesignand Spring Force Test
Our initial testing took place on March 31, 2006. First,tested the force

to pull the wet net through the water to a veftioaight of four feet above the
water surface.This was done usingur initial prototype anéscale The force to
pull up approximately 15 feet of net was measured to be 20 pouXNids, the
initial spring and ratchet systemas set up, tested, and biza&d. This testing

verified that releasing the locking pin would pull the nets out of the water.

4.4.2. Spring Test
We used our initial prototype to decide which spring to use in the final

prototype. A 90 pound garage door spring, an esttietch extension sipg, and

clock spring were tested. One end of the springs was fixed and the other ends of
the springs were stretched. They were weighted down with 15 pound weights and
stretched to their maximum ability. The distance the springs pulled the weights
up was measured. We chose to use 90 pound garage door springs for our final
prototype because they were able to get the force and distance required and were

also widely available.

4.4.3. Working Prototype Test
The second testing the lake took place on April 280@6. The setup

processfor the prototype was timed and analyzed for ease and simplicity. A
problem discovered durintpis testing was that the cable attached to the Imad

a tendency to drift to the center of the traphis wasdue to the tension othe
cables between each polafter they were attachedAfter triggering the trap, it
was clear that that drifting reetausedhe cabls to jam the ratchet mechanism
and stop the nets from rising out of the wat@fo ®lve this problem, we used
0.75inch diameterconduitmake a cable guide So, instead of the cabébeing
attached directly to the nets, they would be attachethgs thatwould slideup

and down the guide

4.4.4. Modified Prototype Test
The final testing event took place onai3, 2006. Thesetup was again

timed during this ést We found that it tookapproximately 15 minutefor two
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peopleto setup the trap.The new cable guides were used during this test. They
kept the nets tight to the poles, but increased the force necessary toepugits
out of the water because of the friction between the rings and the conduit.

We foundthat in order to achieve the best performaatéhe rising nets,
initial pre-tension of the spring waseead. To do this,we fashioned a device
with a long hookat the end that is inserted into the end of the pole. The hooked
endis used to pull the springs down and bolts and used to keep the springs in

place.

5. Project Management
5.1. Team Organization

Because our team consisted of only threepbe, tasks tended toserlap and
specific roles were not assigned to each memf@dre workload was sharedirly
equally among teammates. At timéswever,it was necessary for one person to
take responsibility over a specific part of the project to ensatethe work woud be
completed correctlin thatarea while the others assistefishley was responsible for
managing the budgetupdating the websiteand coordinating the purchase of
materials. Chad was the AutoCAD Inventor specialidé drew out each component
in AutoCAD and also made an assembly drawidgqin kept the group in line with
the class schedule dEliverables Also, because we lost our electrical team member
after the first semesteAnn and Chad took over the electrical componeQserall,
our working styles complimented each other arelped to complete the project

successfully

5.2. Work Breakdown Structure
Our work schedule in the fall casted of meeting one tiwo settimes a week

depending on the amount of work or documents that needed to be tmin@ering
January, weekly meetings were called in order to keep the team focused. In the
spring, the number of meetings increadedas many as necessary in order to
complete the project in timeOur team was devoted to finishing project gnd in

the time necessary to make it a success.
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Meeting time was used for brainstorming, design, review, task assignment,
planning, and managing the budget. Meeting documentation was taken bgagach t
member and stored in their Senioedign project workbook. Aldocuments were
saved in the team two folder on the X:/ drive, which is specific to Senior Design.
Budget updates were put in the administrative folder on thdrkKe. Information on
the project and team can be found on the project website, at

http://engr.calvin.edu/SeniorDesign/SeniorDesigi6ieam02/

5.3. Schedule
A preliminary schedule was drawn up using Microsoft Project. This schedule

was followed very closely during thall semester. However, n January, after
finding most of the electricalomponents specified wereawailable, we were foed

to analyze different design alternativies our project. This put our team behiadr
preliminary schedule. In the spring smester, we found the best way to keep on
schedulewvasto follow the course syllabus and keep a working task schedule in our
planners andn ourdry erase board. Our tedound that communication saital to

staying on schedulend meeting deadlines.

5.4. Budget
The budget for our project consisted of $3@Wgiven by the Calvin College

Engineering Department.Also, many donations and discounts were given to our
team by peple in industry. Materials were thoroughly reseaectto ensure we were
obtaining the éast expensive component, without compromising quality.
Unfortunately, wenearly doubled our budget and spent2834 After discussing
this issue with our team mentor, Professor Ned Nielsen, we were approved to
continue with our project, despite that were over our budget. The reason we were
able to continue our project is because some 8milior Besign teams would not use
their project budget money. oSheir extra monewould be able to cover thest of
our project expenses.

The completebudget eport can be sedyelowin Table 1. Included is the price

paid by our teamas well as the regular pricing withotlte discountswe received
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Additional purchases needed to include a new set of receivers and transaniiters

new nylon net.These expeses will e covered bysICon.
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Table 1: Budget Reportand Parts List

Price Regular
Paid Price
Part Quantity (each) (each) Supplier Information
Inside the Watertight Boxes:
Watertight Acrylic Boxes 4 $12.50 | $18.00 | Alro Plastics- Kentwood, MI
On/Off Toggle Switch 4 $3.88 $3.88 Lowe's
Transmitters 3 $28.00 | $39.50 | www.ebay.com China
Receivers 5 - - Includedwith the transmitters
12 V Batteries 4 $19.99 | $24.99 | Batteries Plu$ Grand Rapids, M
40 Amp Relays ( 258834ND) 4 $4.07 $4.07 | www.digikey.com
Electrical Connectors - $3.75 $3.75 Lowe's (Price varies based oonoectors)
Wire $2.50 $3.50 Lowe'sDonations
Grey Vinyl WeatheiStrip 1 $2.88 $2.88 Lowe's
Silicone Sealant 1 $2.79 $2.79 Lowe's
Inside the Aluminum Boxes:
Solenoid 4 $37.00 | $44.98 | www.slickcar.com (1800-780-1409)
Velcro 4 $2.97 $2.97 Lowe's
Hinges (2 per pack) 4 $1.97 $1.97 Lowe's
Plastic Bearings (2639T31) 8 $4.40 $4.40 www.mcmaster.coma{so available at Lowe's
Climbing Rope (#t) 80 $0.32 $0.32 Higher Ground Grand Rapids, Ml
Aluminum Sheet (0.0625 iithick) 4 - $15.00 | Wyser Innovative ProducisKentwood, Ml
Hex Bolts- (5/8 in. dia. / 5 in. length) | 4 $1.43 $1.43 Lowe's
Clamp Latch (2 per pack) 4 $3.78 $3.78 Lowe's
Other:
Garage Door Spring 4 $14.28 | $14.28 | Lowe's
Aluminum Poles 9ft. 4 - $52.10 | Genzink Steel Holland, Ml
Augers 4 - - Harvey Blankespoor
Miscellaneous Hardware $20.00 | $20.00

Total Estimate for Four Poles

Note: This &cludes labor and machinery costs

$528.04 $882.86
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6. Conclusion
6.1. Lessons Learned

This project provided us with an experience similar to what we should expect in
industryand we learned many lessons from this experiefkost, we were forced to
make and followour ownschedule. We were given deliverable deadlines, but our
overall schedule was our responsibility. Second, we soon discovered that everything
took a lot longer than we expected. All of ttime we planned for taskshould have
at least been tripled. In ¢hend, we were working furiously to complete our
prototype. Third, we learned that nothing runs as smoothly in reality as it does on
paper. There were many different components that needed to be adjusted during
production that we had not planned for.s@\l testing should be done often to ensure
problems are caught early on rather than after components are purchased or
assembled. Fourth, communication is vital to the success of a project. Often we
found that we thought we were all thinking the samegthive soon found out we all
had different ideas and viewpoints. Therefore, effective communication skills were
very important in our success. Finally, losing a team member put us in a situation
that is often encountered in industry. This situation fbreeto take responsibility of
our project and areas that were not necessarily assigned to us or were our area of
strength. These are just a few of the lessons we will tatte wgi as we begin our

careers.

6.2. What We Would Have Done Differently
If we were todo this project again there are a few things & would change.

First, we would make the pulley systemarrower overall so that there would be
room for washers to fit between the puliend the inside walls. We had difficulties
making the pulleysif inside the housirgwithout them scrapping tireinsidewalls.
This produced a lot of frictionwhich greatly reduced the ease at which the psilley
rotated. It also created points where the paheguld stick and prevent the isétom
rising as highastheycould Washers would increase the ease at which the pulleys
rotate and prevent wear on the side walls and pulleys.

Another advantage to using washers is that the leves would have worked
better. Because the geawvereso close to the wail] the lever arrahad to be rounded
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down to allow theno rotate past the wallwithout hitting them. acing the pulley
away from the wadl, would allow for nore clearance of the lever asmmaking them
run smoother.

We would usethicker plastic bushings.After we installed our bushingsve
realized that there was not enough clearance between the inside of the gndid¢iye
bolts for the knotsthat hold the cables in place to be tie8ince we had already
drilled the holes for our bdtin our housing, we decided to keep the bushings and
adjust our bolts to fit the design. We had to fabricate our own bolts by turning down
thar centes and milling the end of the baltflat. If we usedhicker bushing, we
could have usedmaller bols with more clearace am avoided a lot of extra work
and time spent.

The final thing that we would change would be to use a thelkeninum sheest
for the door pansl After we did our tsting, we realized that there was a higher
force pushing on our lever arms than wei@pated. Under higher loadsthe
aluminumshees do deformslightly and over time it might deform permanently. A
thicker sheet would allow for even higher spring forces to be used in the future.

6.3. Future Work
Future work for this project includes prowidi training to SICon for the

trapping device We will be assisting them during their fir€ommonMerganser

ducktrapping on June 1, 2006 at Glen Lake.
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Us e Mansal
For the Merganser Duck Trap

** Warning** This device contains moving parts that could cause serious injury or death
if not operated properly. Please read the following manual before operating this device.
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Step 1. Arrange the components:
U Lay out the components to each pole to make surgdoghave
everything that youol | need.

Figure A.1: Trap Components
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Step 2. Attach the Spring
U Feed the cable from the small pulley with the quitg attached through
the hole in the bottom of the housing.

Figure A.2: Feed Cable Through Base of Hbusing

U Attach the quickclip to the end of the spring.

Figure A.3: Attach Spring to Quick-Clip
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Step 3. Insert Spring Into Pole
U Slide the spring into the pole with the spring attached and feed any slack
in the cable into the pole as well.

Figure A.4: FeedSpring Into Pole
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