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» EXECUTIVE SUMMARY

Team Nemo designed a small-scale weed harvesting boat to clear the arboretum pond. The arboretum
caretakers need a solution to the aquatic weed overgrowth problem which will reduce man-hours spent on pond
maintenance and keep the weeds at manageable levels. Any solution must be lightweight and maneuverable
enough to be manageable by one or two people, and be safe and unobtrusive enough for use in the park-like
situation.

The boat designed has no components over 60 pounds, and can reasonably be managed by a single
worker. Its scale is suitable for navigating the small ponds, its safety is similar to that of a lawnmower, and the
electric trolling motor provides quiet propulsion. Its use in the arboretum will only be noticed by guests as an
interesting novelty, and it will provide caretakers a reliable tool for clearing the pond.

Initial tests have shown that the boat effectively clears weeds. There are still suggested modifications
which could be made next fall, but even without them the boat should be useful over the summer. Based on our
conversations with others during the project, weed overgrowth in small ponds is a common issue, and ideas
from our design could potentially be used to create a marketable “pond-mower”.

» BACKGROUND

For the past few years the ponds in the University of Idaho
Arboretum have been carpeted with duckweed, algae, and Azolla. The
caretakers have made many ineffective attempts to clear the ponds, which
have been time consuming, expensive, and ecosystem disruptive.

This weed harvesting boat has been commissioned to address the
overgrowth. It will provide caretakers the ability to cut back growth
immediately, and by removing biomass it will reduce the nutrient overload
which is causing the problem. Similar commercially available machines are
much larger and have no remote control option. Our boat will better suit the
scale and needs of the arboretum, and be a better value financially. It will
save the caretakers time, and help restore a healthy pond to the arboretum’s
supporters.

Figure 1 Pond Carpeted with Azolla

Selection of Past Attempts

Attempt Type Explanation/Cause of Failure
1  Aquatic Herbicide Chemical Weed decomposition suffocated fish
2  Proskim Skimmer  Mechanical Clogged on feathers/snail shells
3 Aluminum Sulfate = Chemical Unusable due to high pond pH
4  Grass Carp Biological Unable to keep up weed growth
5 | Aeration Environmental Seemed to help, but insufficient



» PROBLEM DEFINITION

The weed reduction problem was given to us open ended, with possible solutions ranging from
mechanical to biological. Our goal was simply to reduce the weed growth to a reasonable level, which we
defined as 10% pond coverage or less. We were requested deliver whatever hardware and instructions were
necessary for the arboretum caretakers to carry out our plan over the summer. The following requirements were
important to our client in order for an attempt to be considered successful.

Specifications & Constraints

Specification
Labor

Specific Requirements
Low operator hours
Maneuverability (1)  Weight
Maneuverability (2)  Length

Cost Budget

Safety Safe for operator

Target Values

< 8 man-hours per week

No component more than 100 Ib.
Under 12 ft. long

Under $15,000

Negligible risk with proper operation

g b wN -

After we decided to narrow our focus to mechanical harvesting by boat, we added the following features
to our list of goals. The final deliverable is a prototype of the boat and attachments. An on-shore conveyor will
be suggested, but not ordered, since it is a stand-alone piece.

Goal Features for Boat

Feature Specification Target Value
1  Boat Body Cost <$1,500
2  Plow Width At least 6 ft.
3 Material Water permeable, holes < 1/8”
4 Cost < 381,000
5 | Conveyor Width 3-4 ft.
6 Material Water permeable, gripping surface
7 Cost < 32,000
8  Control system Remote Control Workable range for pond (~ 150 - 300 ft.)
10 Battery Life At least 8 hours run time
11 Complete Power/Drive Cost <$1,000
System



» PROJECT PLAN

¢ Team Roles, Responsibilities, and Specializations

Organizational Responsibilities
Responsibility Member Explanation

1  Budget S. Walters Keep track of expenses

2  Primary Client Contact B. Barrett Regular communication,
documentation

3 Meeting/workflow organizer = A. Pratt Planning, schedules, agendas,
wikipage

4 Documentation S. Willis Portfolio, meeting minutes

Figure 2 Specializations in Project Work

¢ Scheduling — Also See Gantt Chart (Appendix A.)

Our plan was to spend the first semester researching, taking measurements on the pond, brainstorming,
and choosing a solution. The second semester would be used for detailed design and construction. Please see the
Gantt chart in Appendix A. The green bars show the time frames of our original plan, and the orange show



delays. (The Gantt chart is a composite of our first and second semester schedules — obviously, we did not know
the specifics of what we would be constructing until the end of the first semester).

As can be seen from the chart, we ended up with most of our work in the second semester and began to
build up delays. It would have been better to settle on a clear idea of our solution earlier, rather than going into
such depth in researching the variety of solutions.

» CONCEPTS CONSIDERED

+ Overview

Figure 3 summarizes our design process. Near the end of the first semester we presented our client with
a range of mechanical, chemical, environmental, and biological solutions. With the clients input, we chose to
build a boat which could be fitted with either plow or conveyor attachments, and could also be furnished with
remote control. The idea was modelled off of larger commercially available weed harvesting boats.

Arboretum Associates Input

Mechanical

Chemical

Mechanical
Environmental

Biological

Figure 3 Summary of Design Process.



¢ Original Possibilities — Details and Supporting Data

The following are ideas which we considered in the initial phase of our project.

Original Possibilities Considered

Possibility Type Explanation /Supporting Data Estimated Cost

Mechanical Remote controlled plow pushes weeds  $ 600
to shore — suggested for use with
onshore conveyor. Concept proven by
Weedo boats.

Remote Controlled Water
Plow

Remote controlled conveyor collects $ 1,000
weeds on boat. Weed collection basket

1/3 submerged so that weeds support

their own weight (Based on Azolla

density - see Appendix B. for

measurements and calculations.)

Remote Controlled
Conveyor Collection

Manned version of either plow or $1,000-$5,000
conveyor concept.

Manned Version
Plow/Conveyor

Chemical Azolla has a competitive advantage $ 415/ ton
when nitrate to phosphate ratios are
low. If the dissolved inorganic nitrate to
phosphate ratio is less than 10:1,
Azolla likely has the competitive
advantage. Adding nitrate may help
rebalance the system. (Consultant: Dr.

Y Wilhelm, Ul College of Natural
Nitrate Addition Resources. See Appendix C for
chemical test results. )




Partial Pre-rain Drain

Azolla Weevil

Environmental

Biological

Buffer zones are a well-documented
method of controlling sediment and
nutrient inputs to ponds. A buffer could
be a simple strip of long grass, or
another flowering display for the
arboretum.

Partially draining the pond before
expected rains would help dilute the
nutrient heavy water. Rather than
mostly pure rain water overflowing,
draining beforehand would flush the
settled water. This could refresh up to
80% of the ponds’ water yearly. (See
Appendix B for calculations.)

Adding aeration increases the dissolved
oxygen in the bottom of the pond,
encouraging aerobic bacteria which
break down organic material and
reduce phosphorus concentration. This
reduces weed growth and pond stench.

The Stenopelmus rufinasus beetle
(Azolla Weevil) feeds on Azolla. Adding
a natural predator such as the weevil
could cut back on at least the Azolla
growth with no additional caretaker
work.

$ 0-$ 200

$0

$ 1,000- $ 2,000

(Research was
not continued
due to concerns
about
introducing new
species)



¢ Boat Specific — Details and Supporting Data

The following are possibilities we considered after deciding that our solution would be a harvesting
boat. They are organized by assembly: boat body, plow, conveyor, and motor/controls.

Boat Body Possibilities

Possibility Explanation /Supporting Data Part of Final Solution?
l =y 77 N SN

(Constructed with fiberglass paint)
Customizable, lightweight, weather-
resistant, could be difficult to work with

Weather-resistant, strong, come in
standard sizes, difficult to assemble,
heavy. See Appendix B for calculations of
weight to buoyancy.

Weather-resistant, lightweight, relatively X
cheap, locally available

Inflatable Pontoons



Plow Possibilities
Possibility Explanation /Supporting Data Part of Final Solution?

Lightweight, weather-resistant, low
strength, complex connections with
aluminum boat

Plastic Frame

Lightweight, weather-resistant, strong

3
Weather-resistant, holes larger than
optimal (goal: 1/8” holes)
4
Strong, corrosion may be an issue, heavy
NN
GOO00000000000KX
J000000000000000
M.O’N.O.Q‘O VOO0
ROVOO0CX
Metal Mesh Netting

5 S

Lightweight, weather-resistant, easy to
work with

Sreen Door Material
Netting

10



Possibility

Full-Assembly Purchase

Aluminum Frame

Manufactured Belt
Purchase — Positive
Drive

Constructed Belt —
Chain Drive

Constructed Belt —
Timing Belt Drive

Conveyor Possibilities
Explanation /Supporting Data Part of Final Solution?

(Purchase complete conveyor belt from
supplier) Extremely heavy, corrosion a
concern, connections difficult

Lightweight, weather-resistant,
connections to boat frame simple

Weather-resistant, no need for corrosion- X
prone chain, reliable, customizable,
reasonable weight, expensive.

Inexpensive (belt likely made of
trampoline material), chain prone to
corrosion, difficult to add cleats to
surface, difficult to assemble

Inexpensive (belt likely made of
trampoline material), difficult to add
cleats to surface, difficult to assemble,
lengths must be exact

11
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Motor — Built in Rod

Motor — Chain
Connection

Speed Control —
Complete Scooter
System

F T

=

Speed Control — Voltage

Lowering

Speed Control —
Separate Speed
Controller

Simple, heavy, very expensive, not
weather-resistant

Inexpensive, easy to replace, lightweight

(Parts from the same electric scooter the
motor came from.)Parts guaranteed
compatible, includes unnecessary features

(Simply splitting voltage to motor rather
than using Pulse Width Modulation like

most speed controllers.) Simple, wastes

power

Simple, inexpensive, does not waste
power, needs waterproofing



Possibility
11
Gas Motor

Motor

2 Simple Motors with
Purchased Remote
Control System

Motor

Convert Manual Trolling
Motor

Motor/Control Possibilities
Explanation /Supporting Data Part of Final Solution?

Doesn’t need to charge, noisy, more
difficult to convert to remote control

Easy to work with, undersized for our
application

(Having 2 motors enables steering without
rotation ability) Easy to integrate remote
connection with conveyor controls,
difficult to waterproof, some electronic
assembly required, difficult to size
correctly

Easy to size, no electronic assembly X
required, range unreliable (purportedly

100ft, when purchased and tested was

found to be about 50 ft.)

Easy to size, difficult to construct steering
mechanism, difficult to create
electronics/remote control system.

13



» CONCEPT SELECTION

As shown in figure 3 (beginning of Concepts Considered section), we chose to pursue a mechanical
solution based on the interests of our client. The remote control aspect appealed to them, and they liked both the
plow and conveyor. We decided to construct a boat which could support either a plow or conveyor attachment,
so both could be tested. Our theory is the two options will complement each other: the collection method will be
more useful for low-density growth, while the plow will be more effective for an overgrown pond.

Our decisions about the specifics of boat construction were based off of time required for construction,
cost, and suitability for function. The following table summarizes the reasoning behind our decisions. Each
possibility is rated for time, cost, and suitability. The possibility with the highest sum of ratings is the best.

Function

1 Floatation
2 Plow Frame

3 Plow Netting

4 Conveyor
Frame

5 Conveyor Belt

6 Conveyor
Motor

7 Conveyor
Speed Control

8 Motor Power
Source

9 Motor Type

10  Trolling Motor
RC Type

Choosing Final Design (Scale 1-4 for Each Rating)

Option 1 Option 2 Option 3

Time $3$ Suitability Time $$  Suitability Time  $$ Suitability

Fiberglass PVC Inflatable Pontoon

1+3+1=5 2+2+2=6 4+3+4=11

Plastic [ Aluminum

2+3+2=7 [ 3+3+4=10

Plastic Metal Screen Door (Anthracite
Carbon)

2+4+1=7 1+2+2=5 3+3+3=9

Full-Assembly Aluminum Frame

Purchase

A+1+1=6 3+4+3=10

Purchased Positive Chain Drive Timing Belt Drive

Drive

4+1+4=9 1+3+1=5 1+3+2=6

Built in Rod Chain Connection

3+1+1=5 3+4+2=9

Scooter System

Voltage Lowering

Separate Speed Controller

2+2+2=6 2+3+1=6 4+4+3=11
Gas Electric

2+2+2=6 3+3+3=9

Trolling Hobby

3+3+4=10 2+4+3=9

Built-in (purchased) Converted

3+2+3=8 2+3+2=7

14



The decision between PVC and inflatable pontoons was an exception to our normal design process. We
did not think of the inflatable pontoons in our initial design phase, and were in the process of constructing with
the PVC before we realized that the inflatable pontoons were a much better solution. While it was frustrating to
backtrack on our design, we think that the client will find the change worthwhile. The final product is much
lighter, more robust, and easier to disassemble for storage.

The decisions for the conveyor were also a little complicated. We wanted to use professionally made
parts to make sure our product was good quality, but most conveyor belts are not designed for lightweight
applications. Additionally, conveyor belts are often designed as full systems, which makes mixing and matching
parts difficult. We settled on building our own frame and power system and buying a professionally made belt.

» SYSTEM ARCHITECTURE

¢ Boat Body

The boat body is lightweight, made of weather-resistant materials, and provides more than sufficient
buoyancy for the power system and either of the attachments (plow or conveyor). In fact, it can easily support a
person on-board if desired. The frame
is made of 6061 Aluminum, chosen for
its corrosion resistance and
weldability. Most joints are welded —
removable connections are fastened
with hex bolts.

The rectangular connections
(see figure 4) to the pontoons are
important to keep the pontoons from
rolling. The pontoons are secured to
them with straps, which are easily
removable if desired for storage. The
pontoons themselves can be deflated
(adaptors provided in supplies).

A battery box is bolted to the
back of the frame to keep the battery
dry and secure. (Figure 5) The motor
also connects to the back shelf.

Figure 4 Boat Body

The attachments are held on
with easily removable cotter pins (figure 6), and a lower support bar (figure 7). The lower support bar has two
positions, also adjustable with cotter pins. The front position is for the plow attachment, the back position is for
the conveyor attachment.

15



Figure 5 Battery Box and Back Shelf Figure 6 Cotter Pins Figure 7 Lower Support Bar

Boat Body Satisfaction of Requirements

Requirement Achieved Value Target Values Satisfied?
1 Cost $1,069.09 <$1,500 (of $15,000) X
2 Weight 48 Ib. <100 Ib. X
3 Length 8 ft. (w/plow ~10ft)  Under 12 ft. long X
4 Assembly Time * 15-20 man-hours <40 man-hours X

* Assembly time does not include dead-end ideas, only the final configuration assembly. Breakdown of time can
be found in Appendix A.

+ Plow

The plow is lightweight,
and made of weather-resistant
aluminum. The screen is made
of anthracite carbon (commonly
used for screen doors), which is
strong and durable. The small
holes catch even granular weeds
like Azolla while allowing water
to pass through, decreasing side
currents and drag. See figure 8.

The side panels of the
plow are adjustable so that the
width can be changed. The
hinge mechanism is shown in Figure 8 Plow Attachment Figure 9 Plow Adjustment Hinge

figure 9. The net is attached

16



using grommets and zip ties for easy removal in case of puncture. (The net is the sacrificial part if the plow
encounters any sharp obstacles.)

Plow Satisfaction of Requirements

Requirement Achieved Value Target Values Satisfied?
1 Cost $254.46 < 81,000 (of $15,000) X
2 Weight 10 Ib. <100 Ib. X
3  Assembly Time 25-30 man-hours <30 man-hours X
+ Conveyor

The conveyor is much lighter than its commercially
available counterparts. Its frame is made of 6061 Aluminum with
stainless steel fasteners. Most of the joints are fastened with lock
nuts rather than welded, so modifications remain possible. The
“arms” of the conveyor (connections to boat) especially must be
removable in order to be able to slide the belt onto the frame
without separating it. The square aluminum tubes which run the
length of the conveyor frame are wear-strips. (See figure 10.)
They provide support to the belt, as suggested by our belt
supplier. The frame also includes separate end pieces to adjust
tension — however, tension should be kept low for this belt,
which is designed to run loosely.

We chose to use S10 modular belt from
Forbo, with corresponding sprockets. See
Appendix D for datasheet. The modular belt is
positive drive, meaning that the sprockets hook
directly into grooves and ridges in the underside
of the belt rather than to a chain system. (Figure
10 shows the underside of the belt and a
sprocket.) S10 belt is one of the lightest weight
options for Forbo belting, and comes with a
variety of different surfaces, from knobbed to
slotted to finned. (Figure 11 shows to top side of
the belt with a variety of different surfaces.) We
chose a pattern of modules which included nubs
for weed grip, 22% open slots for drainage, and
fin profiles to keep weeds from sliding back down
the belt. (Figure 12 shows pattern.)

Figure 12 Top Side of Belt

Profile

Figure 13 Surface Pattern

17




Calculations to check belt strength and find required power and
torque were based on a conveyor design handbook which Forbo sent us. The
handbook is included with our calculations in Appendix B. With our low
expected load we found the power requirement to be 15 Watts for normal
operation, with an estimated required torque of 2 Nm. To meet this need we
chose a 12 V 100 W electric scooter motor which can be run off of the boat
battery. We used a gear ratio of 9:1 to adjust the torque, and included a
speed controller to bring the belt speed down to a desired level. We suggest
65 feet per minute, as it is a standard for conveyor belts. (The drive
components are shown in figure 14.) The speed controller and motor are
held in a sealable container with 3D printed supports. This should keep them
safe from water damage in normal operation, but the motor box should
never be submerged.

Conveyor Satisfaction of Requirements

Requirement  Achieved Value Target Values Satisfied?  Figure 14 Conveyor Drive Components —
1  Cost $1.450.29 < $2.000 (Of$]5 000) X Large Sprocket Includes Machined
. ! - z Connection Piece Because of Non-standard
2 Weight 52 Ib. <100 Ib. X Threading
3 Assembly 35-40 man- <40 man-hours X

Time hours

+ Motor/Control

The boat is outfitted with a 55 Ib., 12V Haswing Cayman trolling motor,
shown in figure 15. (Owner’s manual included in Appendix D.) This motor
should provide far more thrust than the boat will normally need based on size.
The battery is deep cycle. Battery life is estimated as following (calculations in
Appendix B):

Battery Life

Low Speed Medium Speed  High Speed
1 11-12 hrs. 3 hrs. 1.5 hrs.

Since we assume that the boat will be operated between low and
medium speed at most times, this seems sufficient. If a longer life is desired the
battery can be easily upgraded.

The Haswing motor has a built in remote control system which controls  rigure 15 Haswing cayman Trolling
speed and direction. In our tests the range seems to be 30-50 ft. (as opposed to ~ Motor
the advertised 150 ft.) Because of this the current prototype of the boat is
effective for testing the remote control concept, but should probably be driven from on board until the range is
extended. (Figure 16 shows the current controller.) Since the pontoons are able to support so much extra weight,

18



having the pilot ride the boat is a perfectly workable solution for the time being. We simply added the seat
which came with the pontoons.

Motor/Control Satisfaction of Requirements

Requirement Achieved Value Target Values Satisfied?
1  Cost $529.99 < $1,000 (of $15,000) X
2  Weight Battery 45Ib, <100 Ib. X
Motor 32 Ib.
3 Range 50 ft. 150 — 300 ft.
4  Assembly Time 2 man-hours <40 man-hours X

¢ Suggested Onshore Conveyor

Since it is a stand-alone item, we did not actually purchase the on-shore
conveyor. We think it may be helpful for use with the plow, but thought it was best  Figure 16 Motor Remote
to leave the arboretum to make the investment after the caretakers have a feel for
how they will use the boat.

A summary of the features of the suggested conveyor is included in the table below. Of course, we
recommend that it be compared with current needs before purchase.

This conveyor is model number PC-7-12 from Bastian Solutions. Since shipping is expensive for the full
conveyor, checking for local used equipment at the time of purchase might be a good idea.

Onshore Conveyor Features

Specification Value
1 Cost $2,528.60 + shipping (about $1,500)
2  Overall length 7 ft.
3 Overall width 12 in
4  Belt width 8in
5  Standard speed 65 feet per min
6  Weight 451 Ib.

Figure 17 Suggested Onshore Conveyor Belt
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¢ Summary - Combined Systems Satisfaction of Original Design Requirements

Although we did not meet one of our boat-specific requirements (full remote control range), we did meet
all the original/overarching design requirements by adding the ability for the boat to carry a pilot.

Specifications & Constraints

Specification Specific Target Values Satisfied?
Requirements
1 Labor Low operator hours = <& man-hours per week X
2 Maneuverability (1) Weight No component more than 100 Ib. X
3  Maneuverability (2) Length Under 12 ft. long X
4  Cost Budget Under $15,000 X
5 Safety Safe for operator Negligible risk with proper operation X

» DESIGN EVALUATION

¢ PFMEA Evaluation

Our final design fulfills the specifications and constraints, and addresses major failure risks. Some of
these are highlighted in our PFMEA worksheet (see Appendix E.) The inflatable pontoons lessen the risk of
leakage, as they are more durable and reparable than older floatation ideas. To address the risk of frame failure
we decided to have the frame professionally welded, though we had initially planned to do it ourselves. The
result is a sturdy boat which can be carried, dragged, and sat on without damage.

¢ Testing & Results

We ran a full-system test with the plow attachment in the upper arboretum pond. We first tested the
remote control and maneuverability of the boat, then tested plow operation while unmanned, and finally tested
operation with an on-board pilot. It was too early in the spring for full weed coverage, but there were scattered
clumps of algae in the pond. The boat performed well at bringing them to shore. Details can be found in the
following table.

20



Test Results

Area Star Rating (1-4) and Notes

1 Maneuverability 4444 Good maneuverability.
Managing direction is a bit of a
learning curve, but that is true of
most boats.

2  Remote Control 44 Control was good within
expected range. When signal was
lost it was generally not too hard
to pick up again. Having the
remote eased on-board operation
as well.

3 Weed Collection 4444 The plow performed
perfectly. Note: a wider plow
would not be difficult for the
motor to push, and would make
work more efficient.

4  General — 4444 Other than range, the boat
Unmanned performed well. Note: when boat
Operation is operated without an on-board

pilot, weights (~75Ib) should be
added to the front of the boat to
maintain balance.

5 General —Manned +¢#¢¢ When manned, the boat

Operation performs consistently and can

reach all parts of the pond. The
seat can simply be set across the
frame. It can be strapped on if
desired, though the set-up is
sturdy even without straps. The
weight of the operator balances
the weight of the battery and

motor, so front weights are :
unnecessary. Figure 18 Testing Boat With and Without Onboard
Operator

Overall we are pleased with the results of the test. With the addition of an on-board operator, the
plowing boat is fully serviceable for work this summer. We plan to widen the plow before delivering the boat to
the arboretum caretakers.

21



¢ Budget Summary (Also See Appendix F)

Our total expenditures come to $4,181.74. There may be a few small purchases made as we prepare to
deliver the boat the arboretum, but this amount is representative. Of this amount $3,378.95 was spent on the
current design, with the remaining $802.79 on chemical testing, earlier iterations, and other supplies. (Full
accounting is in Appendix F.) We regret that we did not foresee the problems with earlier iterations, but we are
happy to have left most of the $15,000 budget for future improvements.

» FUTURE WORK

The conveyor belt attachment still needs to be tested. We anticipate doing this before we end our portion
of the project. Ideas for its modification can be saved for future groups.

Our motor currently has a remote control range of 30-50 ft. Until more work can be done, we suggest
setting up the seat and driving the boat from on-board when trying to reach the middle of the pond. The
conveyor belt is less convenient to use while riding the boat than the plow is — because of this the conveyor
should mostly be used around the edge of the pond where a rider is not necessary.

Simply adding an antenna to the current controller would be a possibility, but would not take care of the
conveyor controls. Though we would not advise this route, we want to pass on the information that the motor
distributer suggested a 433 MHz 5-6 dB antenna. If it is not important to the user to be able to turn the conveyor
on and off remotely, an antenna may be a fine solution. In that case all that remains is to verify the
specifications for the antenna and figure out how to connect it.

Summary of Future Work

Possible Solutions:

* UI Robotics Club (Remote
Control & Possibly Mechanical)

* Senior Design Team (A4/l Areas)

Figure 19 Future Work
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If remote control of the conveyor is still considered important for safety reasons, a longer range remote
system needs to be constructed which integrates the controls for the on-board conveyor belt with the controls
for the motor. We decided not to pursue this in the time constraints we had because we thought it should be
done thoroughly and robustly. Attempting to adapt the motor without enough time to do it properly risked
breaking it. We estimate that design and construction of a robust remote control system would be sufficient
senior design work for one student, and would cost less than $500. Over the summer the arboretum caretakers
will probably also discover mechanical features they would like modified. If they do, mechanical modifications
could be combined with the remote control system design to create a design team project. Another possibility
would be to contact the University of ldaho Robotics Club. They might enjoy taking on the remote control
system design, as it would be good electronics practice.

If a future team takes up the project, we think it might also be wise to monitor the nutrient levels in the
pond, and begin to build up a better understanding of the affecting factors. Another way to broaden the project
would be to consider the possibility of wider application — would a small scale “pond-mower” or weed clearing
attachments for a normal boat be something that other landowners would find useful?
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» APPENDICES

» APPENDIX A -SCHEDULES

24

Gantt Chart B Original Plan

Delays

81-15 816-31 91-15 916-30 101-15 1016-31 111-15 1116-30 121-15 1216-31 11-15 116-31 21-15 216-28 31-15 316-31 41-15 416-30 51-15
Background Research |

Pond Assessment (chemical, physical)

Generate Possible Solutions |

Choose Solution

Detailed Plan for Solution I .

Frame Exact Plan

Frame Validation I

Frame Order Parts

Conveyor Detailed Plan II Frame Belt/Motor

Plow Detailed Plan

Conveyor Validation I

I 7iow Validation

Conveyor Order I Frame Belt'Motor

Plow Order

Motor/RC Detailed Plan I

Onshore Conveyor Plan

Frame Construction I New Pontoons
Motor/RC Validation

Motor/RC Order I

Conveyor Construction Frame Waiting for Belt
Plow Construction I Waiting for Boat Width
Frame Test

Motor/RC Assembly

Conveyor Test

Plow Test |

Motor/RC Test

Modifications I
| == — |




¢ Detailed Spring Schedule (Planned)
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¢ Breakdown of Estimated Assembly Times (For Final Design, Not Including Earlier Iterations)

Category
1 | Boat Body
2 | Plow

3 | Conveyor

4 | Motor/Control

Estimated Assembly Time

Task

Cutting Aluminum

Welding Arrangements

Drilling holes/adding fasteners
Sewing Longer Straps

Inflating, Strapping on, etc.

Total:

Cutting Aluminum

Drilling Holes/Adding Fasteners
Welding Arrangements

Milling Hinge Mechanism

Net Cutting/Sewing/Grommets
Total:

Cutting Aluminum

Drilling Holes/adding fasteners
Milling Set-Holes in Axels

Milling Squares

Machining Center Piece for Large
Sprocket

Tensioners

Creating 3D Printed Motor Box Parts
Connecting Motor Box, Adding Wiring
Assemble Rods, Sprockets, Belt, and
Align

Total:

Assemble Motor, Connect to Boat
Total:

Time (man-hours)

6 = 15-20 hours

2
6 = 25-30 hours

Ol W WO NEFPOONWREFERREOORAWW

NN

36 = (35-40)
2
2
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» APPENDIX B - CALCULATIONS & CODE

¢ Azolla Density

We could not find the density of Azolla online, so we measured it with the following procedure:

e Find mass of measuring cup.

e Measurement 1 (upper end density): lightly compress Azolla, measure volume and mass
(remember to subtract mass of measuring cup.)

e Measurement 2 (lower end density): repeat, compressing Azolla little as possible.

* Note: The Azolla in the experiment was taken directly out of the water, to mimic the conditions in which we
will be working with it. Azolla is very water repellant and does not change greatly in weight due to contact with
water.

Density Test Results

Density
Test 1 (slightly compressed) 20 Ib./ft3
Test 2 17 Ib./ft3

¢ Basket Submersion Necessary to Self-Support

For the collected Azolla to be self-supporting in the water, the buoyant force of the submerged Azolla
must equal the weight of the Azolla which is held out of the water. The force balance equation can be simply
rearranged to find the heights involved in terms of the densities of Azolla and water. The result is that the height
of the basket out of the water can be up to twice the height submerged — that is, we should plan on submerging
1/3 or more of the basket.

H —
above Habove _ pw paz ~ 2

Hbelow paz
Hbelow
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¢ Rainfall Calculations Supporting Pre-Rain Drain Idea

The percentage of pond water which could be refreshed yearly through pre-rain draining was based off
of the average rainfall for the Palouse (reported as 27 by US Climate Data) and our measurements for the area
and volume of the ponds (see Appendix C.)

(Average Rainfall)x(Surface Area of Ponds)
Percentage = =80%
Volume of Ponds

¢ PVC Weight to Buoyancy Summary

Bouyancy = (Volume of Water Displaced)x(Density of Water)
Weight = (Length)x(Weight per Length) + Weight of Elbows

The picture below shows a summary of the buoyancy and boat weight for different boat sizes (reported
be basket size because the basket was the size-defining feature.) The percentages listed in black are the
percentages of the total available pontoon volume which would be submerged in a given boat design. As can be
seen, the PVC is quite heavy and provides only barely enough buoyancy at the scale we are interested in.
Reducing the size reduces the on-shore weight, but also reduces the buoyancy. Ideally the pontoons should not
be more than 50% submerged, both for reasons of safety and drag reduction. There was no solution with PVC
which kept the weight under 100 Ib. and provided sufficient buoyancy.

/ B4 Basket  W3.5' Basket 3' Basket 2.5 Basket \

BOAT WEIGHT (PVC + FRAME)

4’ Basket 3.5’ Basket 3’ Basket 2.5’ Basket

u Necessary Safety ® Necessary Safety Necessary Safety = Necessary Safety
42% 49% 58% 73%
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¢ Battery Life Calculations

Our battery has a Reserve Capacity of 140. Converted to Amp-hours this is 58.3. Hours of operation can
be found from the Amp-hour rating and the average current draw with the following equation:

AmpHours

Hours =
Amps Drawn at Speed

For the current drawn at slow, medium, and high speeds, we used the estimates for a 40-70 Ib. thrust
motor from TrollingMotors.net. These were 5, 20, and 40 Amps respectively.

¢ Conveyor Calculations (Checking Belt Strength, Finding Power, Etc.)

The conveyor calculations were made in TkSolver, based off of the handbook on conveyor design
provided to us by our belt supplier, Forbo. (TkSolver Code is included on the next few pages, the Forbo
handbook follows — if you are reading the online version the Forbo handbook will be blurred, as we were not
sure of the company’s preference on sharing.)
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TKSOIVEI" REPORT

Conveyor Calculations

Rules Sheet

Rules

. Shaft diameter check

TotalAreaBelt = Tmam?ggg’ b0 . e to divide by 1000 to fix units

m_B = TotalAreaBelt - BeltDensity ; Total mass of belt

TopAreaBelt = % . divide by 1000 to fix units

m= DensityAzolla - TopAreaBelt - AzollaDepth - divide by 1000 to fix units

1000
FW=pT-g-(m+m_B)+g - m-sind(a); effective belt pull
FW=FV.Cl+m_w- g; shaft load

3
80 F_W - L_shaft )
Y W= ; deflection

4
E-d -mw-96

_ w2
az= atam{—L_sha = }

; Number of sprockets Calcs

FB= % . Force determining Belt selection
_FB.

“ %0

C3_Percent e=i- 100 ; x 100 bes percent
_ 24 T3 max ; P

; From the table, for the low C3_percentage, distance between sprockets should be 6.3 in
; Power Reqs for Maotor

FWV-w

P_A= 00060

v
SprocketD -

_ Rein: 2.7
RadSec S E—
P_A- 1000
RadSec

RewMin=

EstTorque =

EstTorque
MotorTorgue

MotorRPM
10

GearRatio=

GearResRPM =

Page 1 of 3 CONVEYOR CALCULATIONS TKW May 05, 2017 12:06:36 PM




Rules

_ Redin
DutyCycle = < ResRPM
EstCurrent = P_A- 1000

DutyCycle- 12

Variables Sheet

Input Mame
21 p_T
8.81 g
272 DensityAzolla
819.15 b 0
G144 LT
27686 TotalLength
55 BeltDensity
30 a
1 C1
1 m_w
1066.8 L_shaft
210000 E
12.7 d
127 AzollaDepth
1 cz2
3 C2_max
20 W
.0gs SprocketD
35 MotorTorgue
2800 MotorRPM
TotaltreaBelt
m_B
TophAreaBell
m
F_v
F_w
y_w
a_z
F_B
c3

C3_Percentage
P_A

RevMin
RadSec
EstTorgue

21000 to fix KW units to W

Qutput Unit

2. 267899
12.473443
0.749031
2.587452
43.718400
33.528400
3,155499
0.335545
43.718400
0.053370
1.779015
0.014573
64.96120
6.802721
2142202

Comment

coefficient of friction wi wearstrip
gravity [m/fg*2]

Density of Azolla [kg/m*3]

Belt width [mm]

Center to center length [m]

Total length of belt {all around} [m]
Belt Density [kg/m"2]

Angle of conveyor [degrees]
Operational factor

mass of drive drum (kg)

Bearing center dist of drive shaft [mm)]
Shafi's modulus of elasticity [MNfmm*2]
Drive shaft diameter [mm]

Azolla depth on belt [mm]
Temperature Factor

allowable belt pull max [Mimm]

Belt speed [m/min]

Sprocket Diameter [m)]

Motor Targue [MNm]

Maotor RPM [rpm])

Total Belt area (for finding belt mass) [m*2]
Total mass of belt [ka]

Carrying area of belt [m*2]

Azolla load [kg]

Effective Belt Pull [N]

Shaft Load [M]

Deflaction [mm]

engagement angle (borderine iz 1.2) [deqg]
Faorce determining belt selection [M]

[M/imm]

Calculated power at drive drum [KW]
Revolutions per min =haft [rev/min)
Radiansisec shaft [radisec]

Estimated Torgua [Nm]

Page 2 of 3

CONVEYOR CALCULATIONS . TKW
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Input MName Quitput Unit Comment

GearRatio 6.120576 min Gear Ratio to get Torgue (shaft larger
than motor)

GearRezRPM 280 Shaft RPM under influence of gears only

DutyCycle 0.232004 Duty cycle needed

EstCurrent 5.234386 Estimated Current drawn {amps)

Page 3 of 3 CONVEYOR CALCULATIONS TKW May 05, 2017 12:06:36 PM
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» APPENDIX C — POND CHARICTERIZATION TESTING DATA

¢ Physical Information

We found the surface area of the ponds using satellite images, and checked the results by comparing the
image perimeters with GPS measurements. We then measured pond depth at multiple locations, and found pond
volume by multiplying average depth with surface area. (We found that the ponds were fairly uniform in depth,
shallow all the way to the middle.)

Physical Pond Measurements

Measurement Upper Pond Lower Pond
1 | Perimeter 710 ft. 610 ft.
2  Surface Area 24,100 ft2 21,200 ft?
3  Average Depth 2.9 ft. 2.8 ft.
4 Volume 70,670 ft 58,720 ft

4 Chemical Information

We took water samples from the pond to Anatek Labs to be tested for dissolved inorganic nitrogen
(DIN) and dissolved inorganic phosphorus (DIP). Both were at undetectable levels, so not unusually high for a
pond. The results are included on the following pages. (DIN is made up of NH3-N and NO3/N. DIP is made of
POA4/P. These are the parameters listed on the test results.)
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Anatek Labs, Inc.

1282 Alturas Dvive - Moscow, ID 83843 « (208) 883-2839 - Fax (208) 882-2246 - emall moscow@anateklabs.com
504 E Sprague Ste. D « Spokane WA 99202 - (509) 838-3999 - Fax (509) 838-4433 » emall spokane@analeklabs.com

Client: UMNIVERSITY OF IDAHO Batch #: 161109071
Address: 875 PERIMETER DR MS 3022 Project Name: LNIVERSITY OF IDAHO
MOSCOW, ID 83844
Attn: DEV SHRESTHA
Analytical Results Report
Sample Number 16110907 1-001 Sampling Date  11/972016 DateTime Received 11/%2016 12:05 PM
Client Sample ID  LOWER POND 1 Sampling Time  7:00 AM
Matrix Water
Comments
Parameter Result Units PQL Analysis Date Analyst Method Qualifier
MH3-M MWD mgiL 0.05 11142016 MER SM4S00NHIG
Sample Number 161109071-002 Sampling Date  11/2%2016 Date/Time Received 11/%/2016 12:06 PM
Client Sample ID LUPPER POND 1 Sampling Time 700 Ak
Matrix Water
Comments
Parameter Result Units POL Analysis Date Analyst Method Qualifier
MH3-M WD mgiL 0.05 11142016 MER SM4S00NHIG
Sample Number 161109071-003 Sampling Date 11/22016 Date/Time Received 11/22016 12:05 PM
Client Sample ID  LOWER POND 2 Sampling Time 7200 AM
Matrix Water
Comments
Parameter Result Units PQL Analysis Date Analyst Method Qualifier
M3 MO mgL 0.1 11/2/2016 S:00:00 PM MER EPA 3000
PO4/P MD mgiL 0.1 11/9/2016 S:00:00 PM MER EPA 300.0
Cerlilications held by Arcrlek Labs ID: EPA:IDODT3; AZ:O701; FLMELAP):EBTHA3; ID:1D00013; MT-CERTODZE; MM IDO00T3NVAD0001 3 ORIC200001-002 WA:CS06
Cerfilicatons held by Aratek Labs WA EPAWADDTED; IDWADD 69 WA CSES: MT Cerlas: FLINELAP): E&71099
Menday, Movember 28, 2016 Page 1 of 2




Anatek Labs, Inc.

1282 Alturas Drive » Moscow, ID 83843 - (208) 883-2839 + Fax (208) 882-3246 + email moscow@anateklabs.com
504 E Sprague Ste. D+ Spokane WA 83202 « (508) 838-3989 « Fax (509 8384433 « amail spokane@analeklabs.com

Client: UNIVERSITY OF IDAHO Batch #: 161109071

Address: 875 PERIMETER DR Ms 3022 Project Name: UNIVERSITY OF IDAHO
MOSCOW, ID 83844

Attn: DEV SHRESTHA

Analytical Results Report

Sample Number 161109071 -004 Sampling Date 1122018 Date/Time Received 1122016 12:05 PM
Client Sample ID LUPPER POND 2 Sampling Time 7200 Ak
Matrix Water
Comments
Parameter Result Units PaL Analysis Date Analyst Method Qualifier
M3 (] mgfL 0.1 11/9/2018 9:21:00 PM MER EFA 3000
PO4/P ND mig/L 0.1 11/%2016 9:21:00 PM MER EPA 200.0

Autharized Signature A m

L™
Todd Taruscio, Lab Manager

MCL EPA's Maximum Contaminant Level
WO Mol Delecled
PaL Practical Cwantilation Limit

This repart shall not be reproduced except in full, without the written approval of the laboratory.
Tha results reporled relale only 1o the samples indicaled.
Soil'salid resulis are reported on a dry-weight basis unless othenwise noted.

Cerlilications held by Aralek Labs 1D EPAIDOD0TE; AZD701; FLINELAP:EBTEID, IDIDO0003; MTICERTODZE, M. L0007 3N 000013, OR:ID200001-002. WACSEE
Cerilications held by Araiek Labe Wa: EPANADDT G, IDOWADDT 69, WA CSES; MT CenDas. FLINELAF): E&T1020

Monday, Movember 28, 2016 Page 2 of 2



» APPENDIX D — MANUALS/DATA SHEETS

4 S10 Belt Brochure

See following pages for information about the S10 model prolink belt.
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Product range
Series 10
Pitch 254 mm (1 in)

siegling prolink
modular belts

[Rodbo

Siegling - total belting solutions MOVEMENT SYSTEMS




Scake 1:1

25.4 mm (1 in} pitch straight running
belt for light and medium-duty
hygiene-critical applications.

Design characteristics

- small number of eyelets ensuras
easy Cleaning

- hinges that open wide, combined
with smaoth, flat channels on the
underside and a continuous drive bar
produce an easy-to-clean design

- robust design guarantess supenior
durahiliry

- aptimal design of sprocket teeth and

tracking fins provides superior spracket

engagement, safe belt tracking and
an easy-to-clean sprocket

Special features

— opan area for excellent air circulation
and drainage (2 versions for different
product sizes)

— by g surface for excellant release
of wet and sticky products

- open area lateral nb version for small
inclines and gentle corveying of
delicate products

- praofiles with no cling surface to
irmprove ralease of wet and sticky
products

- side guards for retention of bulk
products

- Hald Down tabs for additional guiding

isee info ref. no. 313)

Pitch

254 mmilin]
Belt width min.
8.1 mm {15 1n)

Width Increments
Ininerements of 19,05 mm [0.75 in)

Hinge pins
5mm {02 in) made of plastic (FE, PR, PET)

Belt types

510-0 FLT
Closed, smooth surface

S10-0 NTP

Clasad surface with round studs

55 contact anea

Version avallable without round studs
ait thee side (38 mm indent)

510-22 FLT

Open [23 %), smooth surface
55% contack arma
(Largest opening: 26x 5.3 mmA010x0.21 in)

510-36 FLT

Open (36 %), smoath surface
26% CoNTact aea
{Langast opening: 57133 mms.22 2052 in)

510-36 LRB

Cpen [36%;) surface and |ateral ribhing
5% contact area®
(Langast opening: 572133 mm0.22 2052 in)

Decdaration of compllances/Certiflcates
See fakd-out page

Drum motaor

Power transmission using drurm matars
with rubber coating and profiles apphed
s possible Please enguie,




|5 | E
= g 2 g
= e
3 i 3 5
= S £
PE |wre | o | e@n |ss0mn
PE-MD BL o | 641 62013
PP WTLB | 0 | 848 51010
PEMD BL Q0 | 8(548) | 56(1.2)
POM | WTLE | ¢ |20037) 8008
POM-MD|  BL 0 |2001370) 83(1.7)
PE | wr | o | e issom
PP WT 0 8 (548) ‘SZII,UJ
POM | WTL8 | o |200370)! B2016)
PE |wTLe | 22 | 30208 4700
PP WTLB | 22 | 5343 43009
POM | WTLB | 22 | 1754 [67014)
PE |wrie | 3% | 2ere (4309
pe WT, L8 3% | 6(411)  40(08)
Pe-MD | BL 3% | 61 14409
POM WT, L8 36 | 13(891) 1 62(1.3)
PA 8L 36 | 134891 [60(1.2)
PE (Wl | 3% | 407 5802
pe WT, LB 35 6(411) 490100
POM | WTLB | 36 | 13(891) | 76018
Profile and side guard designs
Profiles Side guards
Surface Height {h) in mm (in) 25,50, 75,100 mm
© Flat top 25,1001, 4) {1,2,3, 4in) height
® Fattopw. 38 (1.5 indent 25,100{1,4)
® Nocling 25,100(1, 4)
© Nocling w. 3811.5) indent 2510041, 4)

4 ll!'

..

Sprockets

Sprocket size
© N v ©
N N R N N
b Imm] 28 | 28 | 28 28 |2
{in} (L) (L) (L) (1) ()
Dy [mm] 51 | 82|98 130162
lin} 20) | (3.2 (39) (57) | (54)
A Imm] 20|36 4 60 |7
linl (08 (1.4) [ (1.7)  (24) | (3.0}

x [mm] {sprocket bore metric)
25 L ]
30 e
a0 " B B BN

x [In] (sprocket bore imperial)
! e o

1.5 " ® =B =

Sprocket bore round
Sprocket bore square

Sprocket width

Fitch circle diameter

Distance centre of sprocker bore/
top edge support

>»0oT
o

The abbreviations and type key are explained
on the fold-out page at the back




Temperature ranges in "C

PET

HACCP types

Seres 4.1, 81, 10 and 13 in particular sup-
port your HACCP concept with & number

of hygiene-friendly characteristics.
Thease featuras include:

Easy-to-clean design

- with wide channels underneath the
rmedule

Excellent resistance to hydrolysis

- resistant 1o hot water, Cleaning agents
and disinfectants

Good release properties

= beneficial when manufacturing
ad hasive foodstuffs minimal
product wastage)

- product reskdue is easy 1o remove

- easy-to-clean hinge design

Blue a strong colour contrast
- soiling is easier 1o identify
- suitalle for usage in optical sorters

= reduces light reflection, making
wearking conditions better

H70

+320
+340

Declaration of compliances/
Certificates

FDA/EU

Siegling Pralink modular belts made

of PE, PR, FOM and PA comply with

FOM 21 CFR as weell as the (EL) 1042011
and (EC) 193572004 regulations regarding
the raw materials used and the migration
thrasholds.

Halal

All Siegling POM Prolink madular belts
are certified as being compliant with the
Halal requlations by IFRC Asia (member
of the World Halal Coundil),

Friction top

Siegling Pralink modular belts made of
PE with Friction top material RY and of
PP weith Friction top material RS comply
with FOA 21 CFR as well as the (EU)
12011 and (EC) 1935/2004 regulations
regarding the raw materials used and the
migration thresholas with the exception
of contact 1o oily and faity foodstuff,

Materials

PE (Polyethylene]

- wary good chemical resistance to aods
and alkalis

- wary good rlease properties due o
I surface tensicn

- qgood fricticn and abrasion behaviour

— axtremely tough

= Do specific weight

PR [Folypropylene]

- standard material for normal cormeying
applications

— quite streneg and seiff

= good dyramic capacity

- highly resistant teacids, alkalis, salts, alcohoks

~ loww specific weight

~ i risk of sress cracks forming

PO

- wany dimensionally stable

— wary strang and stiff

= high chemical resstance to onganic solvents
- lower drag

- wary durable matena

- hard, incision-resstant sufaoe

POA-CR {POM cut resistant]

— highly resistant toimpact and inckion
- eamy o clean

~ rrinimal fidge foernation

= loaw sk af material delamination

POM-HC (POM highly conductive)

~ highly comductiee material

= surface resisthity < 1060
{acconding o specification)

— wary streng and stiff

- wary good friction and abeasion peoperties

POM-MD (POM metal detectable)

- material easily detected in metal detactors

— wary strang and stiff

= wery good tnbological properties
ifriction and abrasion hevels)

FA [Polyamide]
— good wear resistance in dry applications
= short-tern lemperature resistance
up to 135%C (275°F)
- good fatigus resistance

PA-HT [Polyamide high temperature]

- material reinfiorced with fibre glass

~ wary high shori-term temperature resistance
up o TB0*C {355 °F)

= absorks little water in humid smvircnments

- wary stiff

- durable

PEN-HC [sell-extinguishing highly conductive

makerialy

- flame retardant in line wath DM EN 135011
ACg-51 and DAN 4102 (1)

— surface resiEtiity < 1060

= specially for use in the automotive industry

PET (Polybutylenterephthalate)

— oo WeaT resElanoe

= wery good abrasive resstances

- good strength and stiffness

- not recommend fior use in hot water
=80T {14°F}




Siegling - total belting solutions

MOVEMENT SYSTEMS

Committed staff, quality-onientated organisation
and production processes ensure the constantly
high standards of our products and services.
The Forbo Siegling Quality Management System
is certified in accordance wath 15O 9001,

In addition to product guality, erwircnmental protec-
tion is an important corporate goal. Early on we also
introduced an erwvironmental management system,
certified in accordance with 150 14001,

Forbo Siegling service - anytime, anywhere

The Forbo Siegling Group employs more than
2,000 people. Our products are manufactured in
nine production facilities across the world,

You can find companies and agencies with ware-
houses and workshops in over 80 countries.
Forbo Siegling service points are located in more
than 300 places worldwide,

Forbo Siegling GmbH

Lilienthakstrasse 6/8, D-307 79 Hannover
Prhone +49 511 6704 O, Fax +49 511 6704 305
wawwforbo-siegling com, sieging@forbo.com

Forbo Mevement Systems & part of the Forbo Geeup,
4 global leadur in floseing and movement yyslems
wwrm forbocom

V16 2 Repipdoction of test or parts therea! only with ouwr anpeonal Sutfect 10 changs

Ref. no.900-2




¢ Trolling Motor Owner’s Manual

See the following pages for the Haswing Cayman motor manual.
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HESLIING —in

To The Owner

WAP

To The Owner

W U Bl AR . R R O . e, ISR S, R
FRRITETE PR, RO BB Ik 5T 00 F4T R 5

Thank you for choosing a Haswing electric trolling motor. It's designed for the purpose of superior
performance, unpolluled and poriable use, Enjoy your wonderful moment with Haswing trolling

mator,

AHPFIE-SIER SR, 2E, RESFEERNE. i REU R e, @Olh P e R R
H#FFA LR E R T R et ST 5 ], W PR ERE R

This owner's manual contains information for proper installation, operation and maintenance. Be
sure to thoroughly read and understand the contents before use. If you have any question about the

operation or maintenance of your trolling motor, please contact Haswing customer service.

w bR R, AT KR TR Rl E i
We welcome any comments on our product improvement,

AERORERAEIS,, BrabRSM RS, R R AR AT RN S EE. SR,
To aveid hazards and obtain great performance, special signs are noted in the owner's manual and

on the product.

P U A B R 0T B T EURAE G B fh A\ B S B
WARNING

Failure o follow the instruction could cause severe injury or death.

B Ay 0 B o T B L S MR SRR IR
CAUTION . ) )
Special precautions that must be taken to avoid damage to the motor,
x| HORERIP RS, WS,
\NOTE

Information that makes the procedures easier and faster.
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Contents
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Contents

R T -1

Product's features

= e o )

Before the operation

%

Installation

BEAFREEIR vinnnvnninnnnrnninn 3 B R R
Installing the propeller Read this page before install

HEEREFRE............oen s 4 B EaE
Installing the lift-handle and fin Read this page before install

g o D
Mounting the trolling motor and battery connection

e ARRIEA R

How to operate the motor

HEHREMBERIRIE. .. b

Deploy and stow the motor

R, ... 7-8

Remote manual

TERENERSHEBETE. ... 0-10

Wireless control connection and Power Reader

B I . e 11-12

Trouble shooting and solving method

WEHEREHEEE. ... 12

Electric circuit diagram

Maintenance
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Product's features
FEABHRAA
Product’s features
i3t ST #F
Motor shaft L
R R
e TATEE Wireless control reset key

Power Reader

R EREE

Bow-mount

FRERENE
Adjustable depth collar

HHLEER

Motor stabilizer W A R AR

Stow/deploy pedal

Heit =R R F

Motor lift-handle b

Propeller

Het 2R
Durable Motor di &8
Replaceable Fin
A e B, B SR R R A B R A

We reserve the right to change parts without notice
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BIEEREm

Before the operation

1 1

s —

Deep cycle
Battery

KRBT ELGE)
Weather condition

py

cﬁjﬂ#ﬂﬂ?q =

B B A 'ifﬂikﬁ Eeware the underwater
condition

-
Fi i

dE B aE

ip>

e i Cleaning the motor

s 15
H .

wazhable

LI A
- U un-washable ;

Before the operation

/ EEAREAREE. FRAERAFETRErEE

it o] BB o F B R AL B AT AR

Please use deep cycle battery for your motor.
Improper use of battery would cause damage to the
motor.

EMER FEERRE e ENl, LR E.
Make sure the motor is battery disconnected duning
the onshore period.

AP NEER S RN BEES), SaMNEE A
B

Personal life-jacket is needed at all time. And
choose a good weather for your outdoor activity.
i R A SR KE S R, A LA,
REHEH R LKA MR, LG s L Bl A2 40
Tum the motor off to reduce the boat's speed.
Tilting to prevent impact when enter to the shallow
water area.

A BRZTHERMERAA U AREE.

Beware of the swimmer and your surrounding
duning the operation.

AR ENEEEEER LR, BilKrh
3% fERITEEA TS EREET .
Remove sundnes from the propeller and wash off

the motor, especially after the saltwater use.




HESLUIIMC Z8_ 4

Installation

Installing the propeller

16 %2 36T $i T (R 9% 98 HE 4 AU 40 0 I iR
Make sure the motor i1s disconnected from the battery before installing or
replacing the prop.

1. kRN ERLAF el b, BiLE
R A Bl b (BERTIEAAEFEEOR £
. AP HEEEE-MEOYFARE#ITER . B
EFAFR . AERE S ESEA SN E. (W D
Install the drive pin into the shaft hole and align it with the
propeller (The dnve pin and the cross-shaped propeller
groove must align honzontally). Install the Sacnficial Anode
,stainless washer and nut into the shaft (figure.1) when the
propeller is assembled.

-BE REXTMHEATEZE0,. EtE—, AP tFREMO
|ume| A TR ERES e naped . 1
The cross-shaped groove (2 grooves) allow user to figure. 1

reassemble the propeller if one groove is wom off.

2. AFEEEREENM—W Al s, AERiETEER
B ESRBER. (. 2)
Hold the propeller to prevent it from revolving and use the
propeller wrench to tighten the propeller nut. (figure_2)
EEAEARENTE T AN & 1 Tonf F1E
NOTE) Mg, (MHFEAHEERE LT AL GIE
WA
Use the propeller wrench supplied or 7mm

wrench for the nstallation. (The use of
inappropnate tools may cause motor damage)

SR CRERER SN RSN YRR
CLOWELY H o bE1aE)  EMEESERREREE
AR
Tighten the prop nut 1/4 turn past snug.(30
inch Ibs.) over tightening the prop nut can

damage to the prop.




Rz
HERSLUIMG =

O LT e T
Installing the lift-handle and fin
a K& {F 32 Fr P U A A W e
RNING

Make sure the motor is disconnected from the battery before installing the accessones.

= V. ;I HFSRER—T12%
¥ NOTE| Screws and handle ina bag
| N
|

\ B3 \.

BRSamE R —- %
Screws and fin in a bag

1 ERFRCEEE F R G L@y, (R FEEHTERE. Wi 3
Aligns the lift-handle on the gearbox,install it with four handle-screws. (figure_3)

2 e PR AL L e A B AR e T A PR AT FaR e . G EREETIRRS. Wi O
Aligns the motor-fin on the motor,install it with two fin-screws. (figure.4)




HESSLUIMC = 5

Installation

3 JEiSuE ik
Mounting the trolling motor

A g R A R i R RS
mepl, BARRESMAE.
Make sure the motor is battery
disconnected durnng the mounting and
dismounting or onshore penod.

EH RS EMERIEMTERME, FHYERES

FeE. (W 5

Aligns the motor on front of the boat and tighten with
bow-mount screws and rubber washers. (figure.5)

.5

O HIFE L

Battery connection g
mEGTEEE — BTEHERENEEm. THERA [

TR e & B it 30 | B8 S B HL al e b i 5 40
Select a compatible battery — Please use deep cycle
battery for your motor. Improper use of battery would
cause damage to the motor.

EHEGE — BEOE (v FEaFESRETEESS
i ERAE (+) , B (o) RGBS RREES
mikdt (- FHEE. (6D 4
Connecting the battery — connect the red motor
cable (+) to the positive battery terminal (+), black

cable (-) to the negative terminal (-) and fasten it.
(figure 6)

e E AN TR E.
Put the battery in a ventilated place.




BEAR 6

H#IERK

How to operate the motor

How to operate the motor
1. fEEERS B S e
Deploy and stow the motor

AR AR
Deploy the motor

BT e/ o B A AL A K T R 0B
TESE “eEIOE WSRO HEHAE L. (mBLT)
Press the stow/deploy pedal and deploy
the motor to the water. (figure. 7)

U [ k3 2

Stow the motor

{8 L 2 1 S FT 3 R0 B T i/ T BB AR,

7 K
figure 7

| 1

Dﬁ

B E0E FE RN A B8Rz b
MRl (Wl

Press the stow/deploy pedal and stow
the motor out from the water. (figure_7)

2 fEIH % I K IR
Adjust the motor depth

EETRZ KRB, BT LR
HHLIETE-

Hold on to the motor shaft before adjust the
motor depth avoid motor slide.
RFEREEME LMERE. RS8BT TR
R EEIAYESENEARER EE
wEME. (W8

Adjust the motor depth by unscrew and tighten
the depth collar. (figure. 8)

{EfEFE R AT L R IE T, IR F L

= e kAL
When raising or lowenng motor, keep fingers
clear of all hinge and pivot points and all

moving parts.

.8
figure .8
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How to operate the motor

3. HE{Ear i R
Remote manual
ﬂ Y (e el o 4 R e e S R R R
Wil Make sure the motor is battery disconnect before replace remote-battery.
. - EREEIT R
e A% B 5/ H i - -
Power on/off Signal Light
A% Tum Left - : ME Speed Up

REERE
System Reboot key

V=
#E Speed Down ‘ ——l":///l ## Tumn Right

£ Full Power ~ | '

T

4 e lS SR

Signal light
A EERN, R T RBESHEITEERE,
iRHR RS SRS, (mfE. 9

Signal light flash when press any remote-key, it
means signal transmit successfully. (figure 9

% FRERNESTAE, RHEhAEETE HEREHH. \—‘/

NOTE| Replace the remote-battery when there is no signal light. .9

5. B HERE AR

Speed control
st T () miis A “ummiEw "
#% () wlS] mrEvREBoE <wsBE (
Wt wEEE R T QD) e
“HERE I " . (. 10)
Press @ to activate the motor ™1 beep”. press

or ‘@ to adjust the trolling speed "1 beep”.

to stop the motor by pressing @ to cancel
"2 beep” .(figure.10)

.10
figure_10
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How fo operate the motor

6, 15 478 HEE A% O ()

Turning the trolling motor

i -FE]] i B B R S A R
Frar-4FE Cmf. 11)

Press EI or [ to turn the motor left or

nght (figure.11)

T =it il 5T SRR ) 48

Full speed and system reboot key

et () M S “wmBER B @ /G@D \

fEfE B EEET “EERER—F" . A E?-:@ TS || @I@I‘E’] |I
HOoF=ERE. “EnEERH " . (0 12) ’ .

F"ress@ to activate the motor "1 beep”. press @ to

change to full speed "1 beep”. Back to the previous setting

!
by pressing @ "2beep” (figure.12) \_)

I{EfE R A AR ST BRI, '}IC@HL%H'JJ:EFT-?&EJEEEJ& “ EENSIRETR " (mE. 12)

figure 12

Press @ to reflash the control system if the function is disorder "2 beep”. (figure.12)

8. BE{Ear HI[E e T _—

Remote strap fiqure 13 @
B e T BT E L, BN {
{E#EFF . (. 13 )

Install strap to the remote (see figure.13) _qff @
and tighten it on the fishing rod. Q%"% X __}_,/
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How to operate the motor

9. BEFat SR R T

Wireless control connection s }

HE)/
HE%&ES‘HE‘EFW@E (nE. 14) . FH—F Power onfoff

B J-.Hq@m. SUFE| BT3B
O B A B AT R, BATF @ mﬂ@m;ﬁﬁ
45498 7] <. 80 {8 .

Press and hold @ below the power reader (figure.14)

then press @ on the remote to build the signal

connection. " 3 beep” indicate connection established.

release @ and @ both system is ready.

10 WA HEE SR AR i B
Erase all the wireless connection

PrbiE S E, BT @ 6FUT B “E0G KRR " | R IRE AT B S S MR . dnp. 14)
Stop operate the motor, press and hold @ for 6 sec. " 2 long beep ™ indicate wireless connection

all erase (figure.14)

e AU TR
CAUT Operation emor indication
FHIE R “BIFNMERTIRE " . MEERAT S SR, #EERS Qs LER, RN A
BRI TR . R R AR TR S A B . R I A L E AP, 11-12)
This motor has an operation error self-detect function. motor will shut down automatically and the

comresponding audio pattern "beep” start if operation errors occur. (Please read the trouble shooting
further details see pag.11-12)
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How to operate the motor

M. EIE At it 2R P ]
Replace new battery

AR RAHERE JANE
A FEREM. (nE. 15)

See (figure.15) to replace new
battery.

12 . EfER I

Power Reader
HHE LRF - TEilaREEEE. FENATEE
Wit 2. HEiEFEN, BRI EET & X
M ERETFE. Yaimlf FREN &0 (an | IRIE R |
H20%) , BALEEHESE. (0. 16) ;BmmW“WJELRH(ﬁ{)
The motor has a battery's power reader to display the [ —— \&?

battery level. “Full light” indicates a full power charge ey L. -
condition. The light will go off when the power is
continue to decline. Please recharge the battery
when it declines to the last light (20% of battery’s
power). (figure.16)

.16
figure. 16

FelRFahaR{FEPEE, YEREENTESEMFESHERBEE “HrEim " HHE
NOTE| H&)3HL.
When the power of battery is low, the motor will shut down itself automatically to protect the
life span of battery."continuous beep”
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HESES
Trouble shooting and solving method
1. HBFLEIT R 1HIE1E

Maotor fails to run or lack of power
& S RE T IERA N ERTE.
Make sure the motor cable s connected
properly.
f A TR et L o R AR R T i e e
|, N4 Tl

Check the cable terminals clean and comosion free.

ITEHEHEREERE. mERTEriEEa.
Make sure the battery is full. Please recharge it
when the battery’s empty.
ETHRIE R T auk R ages. I R 2R
BEACPN S, TEENTORBENGHATIEN. ( “BHT M
MR BE 3 ETiE S ez )
Make sure there is no fishing line or weeds
caught up in the propeller. Please detach and
clean up the propeller if there I1s sundrnies got
caught inside the prop. (WARNING: Make sure
the motor is disconnected from the battery)
o TOER A (A s R T .
Make sure the propeller dnve pin is still in good
condition.
2. HEHE AR KB SE Bl R

Motor vibration

BTTRERRT L0,
Make sure the propeller is installed properly.

T 0 BE A F O] 2 55 2 o h 3 7
iR BRI E SRR

Inspect the propeller and the drive pin
conditions, replace it if necessary.

Wi eEiR, AFRs)mied, mEIEANFLE,

FIREHASETEZHR. I FRAEBERN T
R

Trouble shooting and solving method

Disconnect the battery cable and examine it by
turming the propeller manually, motor shall turn
freely with a slight magnetic drag. Internal
damage might occur if motor is blocked or
locked. Stop use it and contact our customer
service

3. BAEMEEE
Operation error indication

KB H R —— M S e " HEEE AR
EfE, TRBEEREHEE. PRTETHEE N
e, KEES. HFPMEERERAS,
VS SR BE A AT I B -

“continuous beep” indicates the power output
overload. please make sure the total weight of
the boat is not overload or make sure there is no
fishing line or weeds caught up in the propeller,
detach and clean the propeller if there is
sundries got caught inside the prop.

REEFF-—SERE RN (SRR
B 200 L0HT) e NG, HEHBEE)
Fobl. EH T ERERNERCE.

When the power of battery is low, the motor will
shut down itself automatically to protect the life
span of battery "continuous beep” . Please
recharge or replace the battery.

HEHE 2R o) BILRS —— 1 “EEA AR B
w5 1k, FoRHs a) RECEFEFY, R TEAESE R
S ERERE S, Bk b By R T 2.
If the tuming function does not work and " 4 long

beep” it means the corresponding action block.
please check and clear away the obstruction.
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Trouble shooting and solving method

4 RN FE
Audio Pattern

e N R 0 B AUDIO PATTERN TABLE
B 0 B i 95 0 . iy CONDITION
6 mE 1 AR fr S W RETh 1 beep operation signal received
Emah 15 145 AF dp < iR ] i i 2 beep stop operation or return to the
a3 i 55 4% 5 MR A% B Al Th original settings
55 W5 P Hrik e o T 3 beep wireless setting connected
Wi R YR 5 beep system ready
b o o e - U continuous beep low battery waming
Kemgaph e Rl 2 long beep all wireless connection deleted
4 S i S EREE 4 long beep turning function block

continuous long beep | overload current

mAERLEEE, FLNEERTLER.
For all other malfunctions not listed above, please contact Haswing customer service center.

5. b aF B B
Electric circuit diagram

““-\'

' Magnetic
Switch

Rasat Key
[ ]

Motor.2

Moftor.1

=
T =y |

Il ot
|UD|.E‘D|UW aaumamv|

Deep cycle
Battery

'
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Maintenance

1 AT RN AN EERE S ERTPRR
T, TS MR SRS, AAYSERSEEN
ol mt R FRELN. (HEE8XP.2)
Please wash and clean the motor and propeller
intensively after use as per manual, caused by
improper use of surface corrosion or damage to
the motor is not covered by the warranty. (Refer
to P.2)

2HWAFERE, FAAMESR, SHERERXD
&, KEAHETHRERANARMEEG .
(FEEERAEFEP. 2 “Mik T )

Clean up all the sundnes on or inside the
propeller after every use. (Please see P2
“cleaning the motor”)

3.H PR E R &R R R RS TEE, ®
ALl TH (mn: 2], F%) AERRM
i A

Apply lubricant to the tumning parts regularly and
use proper tool fasten the paris.

A fE RS (e R it b = B iR el M b i T Bh

Wi

Apply rust prevention to the cable and battery

terminals after every use.

LEEHH BTN E TRERNARET.

Store the motor in a good ventilated place and

keep it dry.

MR RE K BEFR, Damirdd

%

To avoid hazards, do not use the motor in the

intricate water.

BPSRR o

Maintenance

[ EURCE s L AR i

Do not crashing or put weights on top the motor.
8. RaiE MRS, AP REEESAS
Fonf R R B R E .

This motor 1s designed for outdoor amusement
only. Continuous long distance transport is not
permitted.







» APPENDIX E - DFMEA

Process Failure Mode and Effects Analysis (PFMEA

Preoperative Verification Process Analysis

Actions Outcomes

o c Response gl ¢
_ z _ 2 5 -SP! : . zl | &
. Potential Effects of | ‘C|Potential Causesof | ¢ €| 2] (Eliminate, Preventive and Corrective ol ¢|E] 2
ID | Process Step | Failure Mode . o . | Current Controls | g| 1., .. ; ol =| g =
Failure z Failure 5 « | e Midigate, or Actions ol 2| =] =
) 2 a vl s| &
S Accept) o
1 _m_c__Jm. and PVC pontoons Boat sinks 5 PVC _n__mam.m _..6.” all the 4 None 4 |20 Eliminate Switch to inflatable pontoons 5 1 1 5
assembling PVC get a leak way in joints
Glue doesn’t make a o i .
5 3 PVC glue 5 |15 Eliminate Switch to inflatable pontoons 5 1 1 5
perfect seal
Joints bend and glue Frame holding PVC
5 4 2 20 Eliminate Switch to inflatable pontoons 5 1 1 5
becomes detached together
Fabricating Frame isnt strong Inadequate welds due Welding £ Cut and mill pieces of the frame
elding frame
2 aluminum enough and Boat falls apart 4 | to lack of experience 4 o:~mmm_<mm 4 116 Eliminate ourselves, but get the welds done at 4 1 4 4
frame breaks or bends welding aluminum a machine shop
Frame experiences a
a _o.ﬁ oﬁ.ﬁo:um ﬂ.S_j 5 Aluminum L-Beams all oz Mitigate Switch to curved L-Beams to increase “ q a “
moving it or being sat the strength of frame
on
Total Risk Priority Number = | 83 "After" Risk Priority Number= | 23

80



» APPENDIX F - ACCOUNTING

The following page contains the list of purchases with summaries of the type and materials. The
totals listed in the “Satisfaction of Requirements” tables are from this list. Note that this list also includes the
materials that we did not use in the end (PVC assembly materials).

There may be a few more purchases in the following days as we widen the plow and take care of other
odds and ends before delivering the product. However, this list constitutes the bulk of the project.
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Purchase Item Usage Description Cost Date
Anatek Lab Water Testing for Nitrate, Ammonia, and
1 Orthophosphate Water Testing 5120 11/9/2016
8" Schedule 40 PVC 90 Elbow Socket, 406-080
2 l i PVC 5518.82 1/17/2017
8" x 10' Plain End Schedule 40 PVC Pipe
8 piece Aluminum 6061-T6 Bare Extruded Angle
3 Frame Metal 5176.58 2/6/2017
Structural 1.5" x 1.5" x 0.125"
18-8 Stainless Steel Hex Head Screw 1/2"-13 Thread
Size, 1-1/2" Long, packs of 10 18-8 Stainless Steel Hex ]
4 Nut 1/2"-13 Thread Size, packs of 25 Weather- Screws for Attaching 531.85 2/6/2017
Resistant EPDM Rubber Sealing Washer for 1/2" PVe
Screw, 0.49" 1D, 1.062" 0D, 0.073"- 0.108" Thickness,
36X34 Pet-D-Fence Screen, 100CT Black 8" 18LB Ultra
[ Light Duty, 2-3/8IN Kit Grommet, 2 Square Aluminum | Plow and PVC Support $90.23 2/15/2017
Tube 1X4', Utility Fit Foam Board
b 8 Tube Square Aluminum 1X4' Plow 5119.92 2f22/2017
7 Sea Dog Stainless Steel Butt Hinge X4 Plow Component 544.31 2/28/2017
4 pieces Aluminum 6061-T6 Bare Extruded Angle
Structural "1.5" x 1.5" x 0,125"
. 4 pieces @ $6.62/piece Aluminum 6061-T6 Bare Conveyor Frame $133.05 2/28/2017
Extruded Angle Structural "1.25" x 1.25" x 0.125"
1 piece @ $3.38/piece Aluminum 6063-T52 Bare
Extruded Angle "2" x 2" x 0.125" +maore
2 pieces Aluminum 6061-T6 Bare Extruded Angle
] Conveyor Frame 539.08 3f21/2017
Structural "1.5" x 1.5" x 0,125"
10 2 Aluminum Extruded Angle Structural 1.5%1.5¥.125" Frame 539.08 3/21/2017
11 Utility Fit Foam Board 1"X4'X8' PVC Support 518 3/24/2017
12 Hose Clamp Bands Attaching PVC 526.99 3/30/2017
13 Tarp Clips and Utility Cords Pontoon/Frame 522.02 3/31/2017
14 Spray 2x GLS NAVY Blue Paint, Primer, Paint Frame 522.36 3/31/2017
Caymon B 55 lbs Electric Motor Bow Mount and 2
15 Power 5440 4/6/2017
Mount Brackets
16 Marine/RV Deep Cycle Battery Power 589.99 a4/6/2017
17 Core Frame Weld Frame 5106.25 4/10/2017
18 24 Fasteners Frame $5.08 4/11/2017
19 12 Volt 100 Watt Electric Motor, Chain Sprocket 90 Conveyor 572.96 af13/2017
20 |DC Motor Speed Control 12 VDC to 40 VDC PWM Conveyor 521.12 4/12/2017
21 |Custom Conveyor Belt and Sprocket Conveyor $1,064.29 4/13/2017
22 |Roancke Pontoon Boat, 2 Aluminum Tubes 1X1X1/16§  Pontoon/Frame $274.57  |4/13/2017
23  [Clamping Shaft Collar: 1/2" Diameter Conveyor 550.99 4/13/2017
24 Battery Box Frame Accessory 514.29 a4/17/2017
25 Small Battery Box Frame 514.29 4/17/2017
26 Fasteners Frame 524.59 4/19/2017
27 8 Bolts, washers, and nuts Conveyor Bolts 524 412172017
28 Mundy's Machine shop square tube motor attachmen|  Addon to Frame 5144,89 af21/2017
20 Fasteners, Wire, and Strap Bulk Frame 524,04 Af21/2017
30 |Alum Sq. tube 11/2x1, 1/2x1/8 Frame Attachment for| o), 55 4/25/2017
Pontoons
31 16 Fasteners Frame 57.83 4262017
32 S Fasteners Frame 52.48 Af26/2017
33 Alum Sq. Tube 1 1/2x1, 1/2x1/8, Alum Sq. Tube Ix1x1, Frame 576.80 af27/2017
34 Fasteners Frame 565.51 4f27f2017
35 Fasteners Frame 519.49 a4/27/2017
36 Expo Poster Project $72.80 Af27/2017
37 |Conveyor Lower Support Weld Conveyor 520 5/3/2017
38 Fasteners Conveyor 524.80 5/5/2017
39 Painting Supplies Paint 24.08 5/5/2017
A0 Straps for chair, snaplinks for basket Frame 51.04 5/5/2017

Total:

81,181.74
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