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Abstract
The continued use of fossil fuels as a primary source of energy has a harmful impact on both the
environment and ecosystems. It is therefore becoming increasingly necessary to find and apply
more environmentally and eco-friendly technologies which utilize alternative, renewable sources
of energy.
The goal of this project is to design and create an eco-friendly, solar powered, shallow draft boat
that will be used to transport people to and from a small island in Biscayne Bay. The concept of
using a renewable energy source as the primary means of energy addresses the environmental
impact, while the shallow draft design aids in conserving the local ecosystem. The major issues
in building the boat are the regulations and requirements that are implemented by the
government. One such regulation protecting the seabed is based on the water level at low tide,
and allows boats a maximum of one foot draft.
One of the keys in achieving a successful outcome of this project is finding the optimal
combination of materials, choice of hull, the propulsion and solar-based power system that will
adhere to all rules and regulations while still blending aestheticism with functionality. We have
chosen three conceptual designs for the hull, of which one is the most promising to use to begin
designing the eco-friendly boat.
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1 Introduction
1.1. Problem Statement
The main purpose of this project is to properly design an eco-friendly boat capable of
transporting residents from a condo association to an island in Biscayne Bay area.
One of the main challenges this team will face is ensuring that any vessel built will comply
with all rules and regulations established by all local and governmental agencies. This regulatory
information is needed in order to successfully develop a usable design. Such a design will also
require mathematical calculations, analysis of power systems, and performing software
simulations.
It is important to take into account that speed is not an issue in this design, a maximum
cruising speed is expected to be around 5 mph. The boat should also be able to transport up to 15
people. Our goal is to power the boat with solar energy. This entails installing a photovoltaic
system with battery storage able to create enough energy to power two electric motors. With this
goal, the team would be trying to achieve a design free carbon dioxide emission.
1.2. Motivation
The Senior Design Team is very excited to work with the client on such an innovative
project, as it will give the chance for all team members not only to demonstrate the knowledge
obtained through coursework taken at Florida International University. It will also show society
that students become engineers when they are able to demonstrate their abilities to recognize a
need, analyze problems and to find unique solutions through research, analysis, modeling,
through the use of our minds and the appropriate engineering tools. This ability will be shown
throughout the development of this project.
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1.3. Literature Survey
1.3.1 History of Boats
The ocean has always caused fascination in humans since the beginning of time.
Likewise, it has always provided food for their livelihood. Since the beginning of civilization,
humans have had the necessity to move from one place to other. That is why more than 10 000
years ago, man first used a properly carved trunk as a means of transportation in the waters (Mai,
2012).
The Egyptians were one of the ancient civilizations that pioneered in the development of
river crafts. They built many types of boats each for different uses. Some of these were used to
transport agricultural products, troops, cattle, stones, funeral processions, hunting, and some
solely to travel around rivers. These first boats were made of bundles of bound papyrus reeds
(Papyrus is different from paper in that papyrus is a laminated material made from thinly cut
strips from the stalk of Cyprus Papyrus plant) and used on the Nile River and its tributaries.
These boats, powered by water current and wind, were steered with oars. These kinds of boats
were built around 4000 B.C. (Mai, 2012).
After that, around 2500 B.C., the Egyptians replaced the papyrus for wood or conifers
from Lebanon. They consisted of short blocks of timber and wood other to increase stability,
allowing them to sail across the ocean.
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Figure 1 - Egyptian First Wood Boats replica (Mai, 2012)
In 1200 B.C., another civilization that started the development and construction of boats
was the Phoenicians. These sea-faring ships were one hundred feet long and capable of
supporting between one to two hundred tons. Similar to the Egyptians, the source of power for
these ships were wind, water current, and brute human force (Salim, 1996).
By 500 B.C., the Phoenicians started building ships with masts and sails. The mast in the
middle had a square sail, while the other one was triangular, and supported the main sail (Salim,
1996).

Figure 2 Phoenician Boats designs (Salim, 1996)
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In 1000 A.C., The Vikings starts to play an important role in the history of ship
construction, and became known for their elaborate and long ships. The designs of these ships
were long and narrow, usually around eighty feet long by seventeen feet wide. The purpose of
this design was to better enable navigation through the seas and rivers, while at the same time
being used for trading, colonization, and war. Around sixty Vikings were needed to power the
ships by use of oars (Lunde, 1999).

Figure 3 The Gokstand Viking Ship ISO view (Lunde, 1999)

Figure 4 The Gokstand Viking Ship front view (Lunde, 1999)
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Starting in the 1200’s ship designs began to improve, showing components we still see
today. These ships now had rudders for steering, and batten on the sails to increase strength and
water tightness. Also, the sails change from square to triangular in shape. The hulls became
long and slim, and tall masts with triangular sails increased speed. They also had fore and stern
castles for people, shelter and cargo. These ships where used for battles and by explorers for
exporting and importing merchandise.
Around the 1750’s a new era in design began. With the invention of the steam engine,
would temporarily replace wind and man power to energy extracted from steam. The inventor of
the Steamboat, John Fitch, born in Connecticut on January 21 1743, and was a watchmaker by
trade. He became aware that steam could move gears and wheels, and took it to a larger scale,
building the prototype of the Steamboat in 1787. This boat was 40 feet in length and had a series
of paddles linked, together, which were powered solely by his steam engine. The invention
performed with great success, navigating through the Delaware River.

Figure 5 John Fitch Design Sketch 1787 (Bellis, 1966)
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In 1807, engineer Robert Fulton was able to expand the use of steam ships by building
the Clermont. This was the first steam boat that had commercial success in US waters. This new
version placed a wheel of blades in the center of the boat, which replaced paddles, and was
capable of carrying passengers and merchandise.

Figure 6: The Clermont -First Commercial Steam Boat in the US (Bellis, 1966)

In 1845, the materials used for the steam boat changed from wood to iron. These ships
were driven by a propeller or by huge paddles wheels located on the back or in the middle of
either side of the ship.
In the 1900’s steamboats engines where replaced with diesel powered engines. This
change started a new period in the development and design of new technology in the maritime
industry.
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1.3.2 Why do “things” float?
Archimedes' principle is a physical law which established a relationship between an
object totally or partially immersed in a liquid, and the force the object experienced on the liquid
by the water. The principle says the immersed object feels an upward thrust equal to the weight
of the liquid displaced. Generally, this principle is applied to the behavior of objects in water,
and explains why objects float or sink. The key concept of this principle is the 'thrust', or buoyant
force, acting upward on the object, in effect reducing its weight in the water.
An object floats if its average density is less than the density of water. If it is completely
submerged in water, the weight of water that is displaced is greater than its own weight, and the
object is driven up and out of the water until the weight of the water displaced by the submerged
part is exactly equal to the weight of the floating object.
Archimedes’ principle can be illustrated by using the following formulas

For example, a block of wood, with a density 1/6th that of the water, will float with 1/6th
of its volume immersed below water, since at this point the weight of the displaced fluid is equal
to the weight of the block.
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Figure 7 Archimedes’ principle

By this principle, it is explained why boats and big ships do not sink in the water. Any
boat will float lower in the water when they are heavily loaded because more water needs to be
moved to generate the necessary force to keep it floating.
In addition, it is important to keep in mind that that if the ship is navigating in fresh
water, it cannot be loaded as if it were going to be sailing in salt water. This is due to the fact that
fresh water is less dense than sea water.

2 Project Formulation
2.1 Overview
Onyx on the Bay Condominium Association, Inc. is a non-profit organization located on
the Miami side of Biscayne Bay at NE 25th Street. There is an island with a sandy beach
approximately one mile from the Condo location in Biscayne Bay along the Intercostal
waterway. Currently, there are very few means to reach the island, such as kayaks, jet skis, or
private boats, of which one would first need to, travel a distance to the marina and embark from
there. The Onyx is only one of tens of thousands of condos, hotels, and apartments built east of

P a g e | 20

I-95, north of the MacArthur Causeway, and south of I-195 (Julia Tuttle Causeway) over the last
10 years. A more practical means of reaching the island is to be found, while still being both
friendly to the environment and the local ecosystem.
2.2 Project Objective
The President of the Onyx on the Bay Condominium Association, Inc. approached us
with an idea for a means of transporting both residents and tourists directly from the Onyx
location to the island. To stay eco-friendly, his idea is for a solar powered boat that would both
accommodate his desires of reaching the island, and ensure the local/global environment is
impacted as little as possible.
2.3 Design Specifications
The area in which the boat would function is a relatively narrow waterway with a wide
variety of plant and animal life. Additionally, the shore lines of both the city side and around the
island have very shallow water, with its lowest water level being reached at low tide. In order to
keep true to the client’s objective, the boat must therefore be shallow draft, such that the plants
and sea floor remain undisturbed during docking, loading, and departure.

In order to meet and exceed the client’s desire for having an eco-friendly vessel, we are
attempting to have the boat be run solely off of solar power. This shall be achieved by use of
solar panels for energy absorption, and batteries for energy storage. Although this will be the
primary source, conventional sources of power will still be available and used as needed. It will
also accommodate needs of the handicapped and disabled, which needs to follow its own specific
set of regulations.
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2.4 Constraints and Other Considerations
As mentioned in section 2.3, the bay area has many forms of wildlife, including
manatees, fish, and sea grass, all that give character and add to natural value of the area. This is
one of the greatest considerations that must be taken into account when developing a design for
the boat. In order to not disturb the wildlife or the seabed, we must take into consideration the
worst case scenario, which is being located near the shoreline during low tide. This gives a
maximum allowable underwater depth of no more than one foot.
While that is on its own taking an environmentally positive approach, there are also many
legal matters that govern everything from use of the waterway itself, the island, any docking that
may be implemented, noise levels, and also specifics regarding aspects of the vessel itself. To
ensure that all the proper permits are received and laws are adhered to, we must contact a number
of different local and governmental agencies to learn of all constraints and limitations that must
be strictly adhered to. The following is a list of each of the agencies that need to be contacted,
along with which legal aspect of the project they are in charge:


Biscayne Bay Aquatic Preserve Statute – governs the use of the area in which we
want to operate.



Fl. Department of Environmental Protection (DEP) – owns the Island and bay
bottom. Also, it has regulations for boat usage and dockage.



U.S. Coast Guard (USCG) – Boat rules (Commercial vs. private) and standards.



Miami Dade County Department of Environmental Regulation & Management
(DERM). Regulates access rights, permitting, and usage of the area we want to
operate in.



City of Miami – Building & Zoning (& Parks Dept.). Dockage and access rules,
regulations, and permits.
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2.5 Rules and Regulations
For the construction of a vessel, there are a number of rules and regulations that must be
adhered to in order to ensure no unnecessary setbacks and/or fines might be issued after the
vessel’s launch. As the boat will be used in the Biscayne Bay area, one of the main agencies that
needed to be contacted was the Biscayne Bay Aquatic Preserve. This agency, established in
1974, is managed by the Florida Department of Environmental Protection to protect “the
exceptional biological, aesthetic, and scientific values of the bay for future generations.” The
Biscayne National Park, which covers 173,000 acres and are governed by special regulations
enforced within its boundaries. These regulations cover terrestrial as well as marine wildlife,
along with the water itself and the seabed. Figures 8 and 9 show maps of the protected area,
while Figure 10 gives a legend describing the regulation zones (DEP, 2013).

Figure 8- Maps and legend for affected areas in Biscayne Bay
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Figure 9 -Maps and legend for affected areas in Biscayne Bay 2

Figure 10 - FWC Manatee Regulation Zone
One of the most important regulations that needed to be considered in the design of the
vessel was the allowable draft. In determining the draft, the lowest known water level, which
occurs around the shoreline at low tide, had to be the baseline from which we worked. This level
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at its lowest is 3 feet deep. However, the sea grass, which can reach lengths of up to 2 feet, must
also be protected, as it is an invaluable plant life that in and of itself helps to protect the water
quality, along with providing food, home, and shelter to many types of animal life, such as
manatees, sea turtles, shrimp, crabs, worms, snails, and small fish. Therefore, the allowance of a
1 foot became the maximum draft that must be attained.
The shallow draft is just one part of the Aquatic Preserve regulations that need to be
cared for. One must also have knowledge of the boating signs and markers, and also be able to
‘read the waters’. Figures 11 and 12 are images which display how one can read the waters, and
the signs which one must be familiar with while operating the vessel (DEP, 2013).

Figure 11 - Guide to reading the water color
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Figure 12 - Manatee speed zone signs
To further explain the signs, definitions are provided for clarification.
Motorboats Prohibited – An area where the entry of vessels powered or propelled by
machinery is prohibited. This does not apply to vessels using sails, oars, poles, etc., provided that
propelling machinery is not being used and, to the maximum extent possible, raised out of the
water.
Idle Speed – The minimum speed that will maintain the steerageway of the boat.
Slow Speed - The speed at which a vessel proceeds when it is fully off plane and completely
settled in the water.
30 MPH or 35 MPH - These speeds are defined as a vessel’s speed over the bottom, measured
in statue miles per hour.
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The other rules and regulations that will need to be adhered to are mainly the
responsibility of the boat manufacturer. One such rule applies to the ADA (Americans with
Disabilities Act). Being a passenger vessel, the client wants to ensure that anyone would be able
to board. According to ADA Guideline 4.13.5 describing clear width, Therefore, a ramp must be
provided, with a doorway of minimum width 32 inches. The threshold itself, according to
guideline 4.13.8 shall not exceed ¾ inches, and in the case of floor level changes, this change
shall be beveled with a slope no greater than 1:2. Once on board the vessel, according to
guideline 4.8.3., clear passage and walkway room of 36 inches must be maintained.
Once the vessel is built, and before it is sea bound, it needs to go through an inspection
by the Coast Guard, and must also be registered with the Florida Wildlife and Protection
Committee.

3 Design Alternatives
3.1 Overview of Conceptual Designs Developed
The Design Project Team was approached with an idea that, in and of itself, had very few
constraints based strictly on the wishes of the client. The main constraint was that the hull of the
boat must remain at a depth of no more than one foot below water. The client also wished to
have ease of access in both loading and departing from the boat, including making the vessel
handicap accessible. Other serious constraints, ranging from noise level, to boat dimensions, to
speed, are regulated by numerous local and governmental agencies. As of yet we have not been
able to reach all necessary parties. Therefore, we are focusing on the client’s primary constraint.
One of the main factors in determining how deep a boat will go below water is the hull, in
addition to the material used in its manufacturing. The Design Project Team chose as a first
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attempt to analyze flat bottom hulls, round bottom hulls, and pontoons. More detailed
descriptions of each of these will be found in the following sections.
3.2 Design Alternate 1
Flat bottom boats can be an ideal candidate when the area of use is shallower bodies of
water. The shape of the hull allows the boat to ride, or plane, on top of the water rather than
through. This attribute gives the boat a very stable design. Additionally, flat bottom hulls have
greater buoyancy. Therefore, boats of these types tend to have very high decks, making the rides
dry. This type of design also allows for a very smooth ride in calm waters.
On the contrary, in choppier waters, the ride can become significantly rougher. Another
disadvantage is that generally, flat bottom boats are less maneuverable than some other hull
types. As the intent is to be used mainly in calmer waters, very low horsepower motors are
needed. If the power to the boat’s motors is too great, that would also increase the roughness of
the ride.
3.3 Design Alternate 2
The catamaran design is a hull design that consists of two hulls joint by a structure, most
commonly being a frame, formed of akas. This type of boat can be powered by engine or by sail.
Although catamarans have been known to exist for many centuries, it was not until recently the
design was introduced on a grander scale by boat manufacturers. Catamarans are becoming one
of the most popular designs for cruising boats for their stability, their speed, and large capacity.
Other advantages to this type of boat are the low cost and ease of manufacturing – they
require no ballast, and have good performance. They also provide large and broad decks for
passenger comfort.
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3.4 Design Alternate 3
The final design alternative we are investigating is the pontoon. Like the round bottom
hull, the pontoon is also a displacement hull. This type of hull shape allows for a larger flat deck
area, which can be desirable if one wishes to carry a greater number of people. One disadvantage
is that this design shape has lower efficiency, and should only be used at very low speeds. We
were taking into consideration this design because it is very simple design. As explained above, a
pontoon boat is just a flat raised deck that is being held by outer typically circular hulls.

Figure 13 – Design Alternative 3
Pontoons are generally constructed in cylindrical shapes, and built using light metals to
best compensate other loads they need to hold. Due to being lightweight, strong, and flexible;
aluminum, is considered by many to be an ideal material for boat hull building.
To build the pontoons, a sheet of aluminum is continuously put through a rolling process
to standard sizes, and then turned into tubes and welded. They are also not entirely cylindrical, as
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the pontoon’s nose is built in a cone shape, which is purposely designed to serve as a waive
breaker. All these sections are welded together to form a complete pontoon.

Figure 14 - Pontoon Design

Each pontoon is constructed with several brackets welded to it, which are used to hold
aluminum cross members between both pontoons to support all the weight that will be added to
the top. To construct the boat floor, pressure treated plywood is placed on top of the frame
previously constructed between the pontoons forming the flat platform.
3.5 Other Considerations
The material to be used for hull construction is another large factor to be considered. The
Design Project Team needs to complete a series of studies considering all materials
characteristics; choosing a material for the wrong application design could be costly. There are
many options out there on the market such as aluminum, fiberglass, carbon fiber/Kevlar, and
even wood. Aluminum, being less costly, can be an ideal candidate for pontoon boats.
Fiberglass, being lightweight and durable, provide long lifespan, is often a first choice for boat
builders. Carbon fiber/Kevlar is used by many companies in the production of flat boats in order
to accomplish designs that require light weight and shallow draft. Wood, already haven proven
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its worth by successfully being used to construct boat hulls for centuries, is now being
incorporated into the newest boat designs by getting mixed with other materials. These new
composites have more desirable properties, making the construction lighter and cost efficient.
3.6 Proposed Design
The main objective of this project is to build a solar powered shallow draft water vessel
for the purpose of transporting people. After analyzing several boats designs, taking into account
the study building analysis of all parts, and following guidance and advice from Dreamboats
Manufacturing a Catamaran hull was the best choice. First and foremost, it is the most effective
in shallow water. Also, as explained previously, a catamaran has great stability because they
have wide beams for extra structural support.

Figure 15 - Catamaran Proposed Design
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Figure 16 - Catamaran Isometric View
The dimensions for this design will be between twenty four and twenty 6 feet in length
and eight and half feet wide. This design will have a set of stairs that flip over the bow for people
to walk out on dry land. Also, another door will be place on the side of the boat with a ramp in
order to provide an easy access to people with disabilities. The main deck will be just above
water level and the forward deck will be elevated for storms and larger waves. Also, the deck
will be self-bailing, so if any water gets in to the boat it drains out immediately.
Solar panels on the overhead canopy area will also work as shelter from the sun while
providing the necessary output to power the electric motors. This hard top would have a
clearance of 78 inches above the deck.
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Figure 17 - Catamaran Proposed Design Top View

The most important aspect when moving a boat through the water is to displace as little
water as possible, so the biggest factor concerning the boat efficiency is the drag. Using the
catamaran’s square type sponsor will allow the reduction of drag at lower speeds and increase
efficiency.
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Square Sponsons

Hull Tunnel

Figure 18 - Catamaran Square Sponson

Figure 19 – Final Catamaran hull design
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4 Project Management
4.1 Assigned Tasks for Senior Design Project
Our team decided to distribute each responsibility depending on everyone’s individual
strengths in order to work efficiently at achieving every single task. In the table below, each task
and their assignments are listed.
Task Name

Assigned to

Site Visit Meeting with Client

All members

Contact local and government
agencies
Literature Survey

David Neer, Sebastian Lopez
Jose Arrautt & Sebastian Lopez

Design Alternatives

Domingo Malave & David Neer

10% Report

All members

Conceptual Design

Domingo Malave & David Neer

Poster Design

David Neer & Domingo Malave

SolidWorks Modeling

Jose Arrautt

SolidWorks Analysis

Jose Arrautt & Sebastian Lopez

25% Report

All members

Research & Solar Panels Selection
Research & Battery Selection

Sebastian Lopez, Domingo
Malave & David Neer
David Neer & Domingo Malave

Research & Engine Selection

Jose Arrautt & Domingo Malave

50% Report

All members

Analytical & Structural Analysis

David Neer, Sebastian Lopez,
Jose Arrautt
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Research & Materials Selection

Jose Arrautt

75% Report

All members

Cost Analysis

All members

Final Design

All members

100 % Final Report

All members

Table 1 - Assigned Tasks for Senior Design Project
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4.2 Projected Timeline for Senior Design Project

Table 2 - Timeline
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Task Name
Site Meeting with Client 1
Meeting with Client 2
Meeting with Client 3
Meeting with Client 4
Visit to the Boat Manufacture
Meeting with Client 5
Final meeting with client and boat manufacturing
Contact local and government agencies
Literature Survey
Design Alternatives
10% Report
Conceptual Design
Poster Design
Solid works Modeling (Pontoon)
Solid works Modeling (Catamaran)
25% Report
Research & Solar Panels Selection
Research & Battery Selection
Research & Engine Selection
50% Report
Analytical & Structural Analysis
Research & Materials Selection
75% Report
Cost Analysis
Final Design
100 % Report
Final Report
Boat Manufacturing & Solar Installation

Start Date

Days

End Date

10/1/2012
2/15/2013
3/6/2013
3/21/2013
4/2/2013
4/4/2013
4/8/2013
10/15/2012
10/3/2012
10/11/2012
10/14/2012
10/16/2012
11/15/2012
11/15/2012
1/10/2013
10/26/2012
2/10/2013
2/10/2013
1/12/2013
1/20/2013
2/26/2013
1/8/2013
2/7/2013
3/10/2013
2/10/2013
3/20/2013
3/22/2013
4/10/2013

1
1
1
1
1
1
1
134
22
22
17
17
12
17
70
16
53
53
70
12
29
22
14
13
60
20
12
90

10/1/2012
2/15/2013
3/6/2013
3/21/2013
4/2/2013
4/4/2013
4/8/2013
2/25/2013
10/24/2012
11/1/2012
10/30/2012
11/1/2012
11/26/2012
12/1/2012
3/20/2013
11/10/2012
4/3/2013
4/3/2013
3/22/2013
1/31/2013
3/26/2013
1/29/2013
2/20/2013
3/22/2013
4/10/2013
4/8/2013
4/2/2013
7/8/2013

Table 3 –Detailed Task Schedule
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5. Engineering Analysis
Vessels and ships designs are a very huge and complex process. The first step in the
construction and fabrication of any kind of vessel or ship is to have a conceptual design. In
addition to that, it has to define what will be the purpose of the vessel. This could be for cargo,
sporting, fishing, purposes or as a ferry.
The following diagram shows an idea of the flow and the steps that it takes to design a
boat.

New Idea,

First Layout

Concept

Design
Requirements

Analysis: Hull, Power,
& Propulsion System

Perform Optimization and
test analysis

Final Design

For purpose of this project the team has decided to use a Catamaran Boats design as
initial and most convenient design. In addition to that, the requirements and standards established
by the state need to be follow in order to have a safe design and be able to be approved by the
state and federals Laws.
The next step is to calculate the capacity or amount of water that the vessel will displace.
This is known as the buoyancy force. This is very simple process which is retrieved by finding
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the volume of the boat or ship hull, and multiplying that total volume by the weight of the water
which is 62.4 pounds per cubic foot.
The easiest way to find the total volume of the vessel is by dividing the hull in individual
boxes. Mostly, these boxes turn into really simple geometric shapes such as triangles, squares or
rectangles. The following picture represents an example of this method.

Figure 20 -Volume of Boat hull (Betran, 1998)
As mentioned before, for purposes of this report, the selected design was a catamaran s
type. This allows us finding the volume of the catamaran that is submerged into water easily and
faster.
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Figure 21: Side view of catamaran hull

Figure 22: Back view of catamaran hull

B

Distance between each sponson

S

Deck surface

H

Height of hull

T

Thickness of the deck

LH

Sponson length

LW

Length between outer edges of sponsons
Table 4 -Catamaran Boat Parts
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Here are some calculations that were done in order to obtain the water displacement for
the design of the vessel. These calculations shows how long and wide the catamaran must be in
order to fulfill the design constraints of the project.
Buoyancy Force
Buoyancy occurs when an object is placed in a fluid, and the fluid will exert an upward force
that is call the buoyant force. This buoyancy force is proportional to the area of the submerged
object and the total volume of fluid displaced. Therefore, the force will continue to increase as
the object is placed deeper in the fluid; force on the bottom of the object will be always larger
than the force on the top of the object.

Figure 23 – Top View of Sponsons (Dimensions in feet)

Figure 23 shows the top view of the two sponsons. To find the area and volume at one foot
below water the team decided to cut the sponsons into three different sections. To find the area of
section 1, multiply base (2.5) times length (6) then divide by 2. The height of each sponson is 8
inches, or 0.667 ft. Therefore multiply by 0.667 to get the volume.
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A=

=

= 7.5ft2

V = 7.5ft2 * 0.667ft = 5ft3
Section two is a rectangle. The team multiply base (2.5) times length (14). Then multiply
it by 0.667 to get the volume.
A = b*l = 2.5 * 14 = 35ft2
V = 35ft2 * 0.667ft = 23.345ft3
To find the area of a half parabola, which is the shape of section three, it was multiply
2/3 times base (2.5) times length (6). Then multiply it by 0.667 to get the volume.
A= *b*l = * 2.5 * 6 = 10ft2
V = 10ft2 * 0.667ft = 6.67ft3
The volume of the three sections were added and multiplied by two to compensate for the
boat’s second sponson. After that our team multiply the total area times the density of water.
Fb1 = [(5+23.345+6.67)*2] ft3 * 62.4

= 4369.87 lbs
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Figure 24- Cross-section of boat

Figure 24 shows section 5, which will be the remainder of the submerged boat that makes
up the 1 ft draft. The submerged length is 20 ft, the width of the base is 8.33 ft, and the depth is
0.33 ft.
A = b*L = 20ft * 8.33ft = 176.67ft2
V = 176.67ft2 * 0.33ft = 58.889ft3
Fb = 58.889ft3 * 62.4

= 3674.67lbs

Total Fb = 4369.87 lbs + 3674.67 lbs = 8044.54 lbs
Total weight for the boat is 6700lbs. With a total for the buoyancy force equaling 8044.54 lbs.,
we arrive at a factor of safety for 1ft of draft as 1.23.
Frictional Resistance
A resistance to the relative movement of two objects is usually proportional to the force
which presses the surface together. The internal resistance to flow is known as viscosity. The
less viscous a fluid is the easier it will be for an object to move through it.
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Figure 25 - Drag Force

During a period of 100 years, it was found that friction varied with the surface that was
wetted and the square of speed. William Froude came out with the equation below to find the
frictional resistance.

R = Resistance in lbs.
S = Surface in ft2 = 281.67ft2
L = Length in ft. = 26ft
V = Speed in knots = 5 knots

L
15'
20'
30'
40'
50'

ƒ
0.01093
0.01052
0.01007
0.00979
0.00961
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=

 ƒ = 0.01025

In order to find ƒ our team needed to interpolate from 20 to 30 to get the exact ƒ. After
interpolating the value is 0.01025. After doing the calculation of the friction resistance, the result
was 109.8lbs and you can see it in the equation below.

R = ƒSV1.83 = 0.01025 (281.67ft2) (5knots)1.83 = 109.8lbs

Effective Horsepower
Pe (Kw) = 0.0697*Ct*S*Vk^3
Ct = total resistance coefficient
S = wetted surface in m^3
Vk = speed in knots

Ct =

= 0.48

Pe (Kw) = 0.0697*0.48*2.265*4^3 = 4.85 Kw = 6.50hp
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Table 5 - Weight, Volume, Buoyancy Force
Once the amount of displaced water is calculated, the maximum weight capacity needs to
be found. The maximum weight capacity of a catamaran is found by subtracting the total weight
of the boat from the volume of displaced water when both sponsons are submerged. The factors
that should be included in the total weight of the boat are the weight of the hull, motor, batteries,
solar panels, and associated miscellaneous electrical equipment. This weight is referred to as
dead weight, as they comprise the permanent fixtures in the boat. In addition to the dead weight,
it is of course important to add the weight of the passengers. According to Coast Guard
specifications, the average weight to be used per person is 141 lbs. At maximum capacity, the
boat will carry 15 passengers plus the helmsman.

6. Major Components
6.1 Propulsion System
In order to power the boat, several systems have been studied. The first option that the
team took into account was a jet propulsion system. Some of the disadvantages of the jet
propulsion are their low efficiency. This system wastes lots of energy because of the high
internal friction in the pump assembly. In addition to that, at slow speed they get clogged a lot
and have even lower efficiency. On the other hand, this system has great performance,
acceleration, and it is very safety to people around it.
A different option the team took into consideration was the propeller propulsion system.
The stainless steel ducted propellers will perform better at lower speeds. They do not flex, but in
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order to get one with a shield or duct around it, the propeller will have to be custom made and it
will increase the cost in the design. Despite this increase in cost, the duct will provide extra
protection for the propeller from wear, allowing it to last longer. On the other hand, if plastic
propellers are used they can flex and loss energy for the system. Propellers come in different
sizes and shapes. They have to match the engine power and also the displacement of the boat.
The propeller is determined by the numbers of the diameter, the pitch, and the blades. They come
with two, three, and four blades. A three blade propeller is the most widely used by boats
manufactures.
The propeller diameter is based on the distance measured from the tip of the blade to the
center of the propeller hub this distance needs to be double. In addition, the propellers are more
effective as the diameter increases.
If a large boat runs with a small propeller the engine will not work as well as having the
right one, as a consequence the engine will go in high RPMs beyond the maximum set by the
manufacturing resulting in a permanent damage for the engine. Opposed to that, by putting a
bigger propeller will not give the right horsepower for the boat. It can be concluded that the
shape of the propeller will affect the performance the engine will produce.
The propeller is also one of the main components of the boat. It transmits power by
transforming rotational motion into thrust. When its rotating, the forced created by the rotation is
converted into pressure and is used to accelerate the boat forward or backwards. Most propellers
have their axis of rotation parallel to the fluid flow. In the past there have been some research
about powering vehicles the same way they do with boat but they have been unsuccessful. There
are different types of propellers: controllable pitch, skewback, and modular. (Devlin, 1978)

P a g e | 48

6.1.1 Controllable Pitch Propeller
This type of propeller has some advantages with ships. One of them is the ability it has to
move the vessel backwards, adjusting the blade pitch with this the optimum efficiency can be
achieved and fuel can be save, and finally the propeller has a “vane stance” this will give the
least resistance of water when not using the propeller (Devlin, 1978).

Figure 26 - Controllable Pitch Propeller (Devlin, 1978)
6.1.2 Skewback Propeller
It is a type of propeller that was used on Germans Type 212 submarines. These skewback
propellers are swept back against the direction of the rotation. The blades are inclined backward
along the longitudinal axis.

Figure 27 - Skewback Propeller (Devlin, 1978)
6.1.3 Modular Propeller
It’s a type of propeller that uses much different type of materials that has replaceable
parts. The purpose of modular propeller is that it will provide more control of the boat at high
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speed. Each modular propeller it’s made of the three different parts: front end cap, replaceable
blades, and a rear shaft.

Figure 28 - Modular Propeller (Devlin, 1978)

In order to act extra protection for the ecosystem in the Biscayne Bay Aquatic Preserve, a
duct will be made to fit around the propeller. This will keep the manatees safe and away from being
cut by the actual propeller.

Figure 29 – Propeller Duct Concept Design
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Figure 30 - Propeller Duct Isometric View
6.2 Power System Overview
The main power supply for the system is to come by means of solar energy through a
photovoltaic (PV) system. Generally speaking, a photovoltaic system directly converts solar
energy into electricity. The setup for such a system can be broken up into two main categories:
one which is grid connected, and the other which is a stand-alone system. Regardless, the main
element in any system is the photovoltaic array. Other common components are batteries for
storage of energy, a charge controller for regulating output, and an inverter if the power needs to
be supplied to an AC load. As the power system would be used for a sea bearing vessel, it would
of course be a stand-alone PV system. Within the category of stand-alone, there are a number of
subcategories. The most practical system for our application would be a stand-alone hybrid PV
system. A hybrid system system’s key component is a non-grid source of electricity. This
source is used as a backup in the event that the solar output or battery storage becomes
insufficient to meet the required load capacity. It then becomes necessary to add a rectifier to the
system, which converts the AC current from the non-grid source to DC for charging the battery.
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A rough schematic of a stand-alone hybrid PV system is shown in Figure 28. The other main
system components will be described in greater detail in the following sections.

Figure 31 - Hybrid PV system with battery storage (Hodge, 2010)

6.2.1 Solar Panel
The central building block and smallest element of a solar panel is the photovoltaic cell. It is
within this cell that the photovoltaic effect takes places, initiating the power for the rest of the
system. The PV effect results from the electrical potential that develops between two dissimilar
materials within the cell, separated by a common junction which is illuminated with radiation of
photons. The individual cell, however, is quite small, being only a few square inches in size, and
producing on its own about 1 watt of power. Therefore, in order to reach the demands of the
load, the cells are combined to form modules. Just as with DC circuits, these cells can be
arranged in both parallel and in series. When in series, the current is constant while the voltages
add up. Conversely, when in parallel, the voltage is constant and the current is added. The most
appropriate configuration is determined by the amount of power needed and the space one has to
work with. These modules can be further developed by forming arrays consisting of several
modules. This progression of the combining of parts is illustrated in Figure 29.
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Figure 32 - Combining cells makes up a module, while combining modules make up an array
(Hodge, 2010)

In general the electrical characteristics of the PV cell are illustrated by the current versus
voltage (i-v) curve. Maximum power is found at the voltage corresponding to the knee of the
curve. An example of an i-v curve is shown in Figure 30, where ISC is the short circuit current,
and Voc is the open circuit voltage. These are the two main parameters when determining the
electrical performance of the cell. The photoconversion efficiency of the cell is simply given by:
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Figure 33 - I-V characteristic of PV module with maximum power at the knee of the curve
(Hodge, 2010)

There are yet additional factors to the array design that must be considered, as they may
have a large impact on achieved electrical power output, and therefore the overall efficiency of
the system. Other important factors are sun intensity and sun angle.
Electrical photocurrent is, as one would expect, at its maximum when the sun is at its full
brightness, denoted by 1.0 sun. Solar radiation is not effected by cloudier days when the sun
shows less brightly in the sky, and therefore the amount of solar power hitting the panel does not
change. However, the open circuit current, Io, has a significant decrease. As the electrical output
is heavily dependent on Io, the photoconversion efficiency of the panel drops as the sun intensity
drops.
The location of the sun in the sky, defined here as the sun angle, plays another role the
electrical output of a solar panel. For flat panel arrays, the greatest output current will occur
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when the sun is normal with reference to the panel. This normal current is given by Io. As the
sun angle changes throughout the day, the corresponding current is given by the expression I =
Iocosθ. For angles of 0 up to 50⁰, the output current can be determined with relative accuracy. A
graphical representation of such a curve, called the Kelley cosine curve, plots the angle of the
sun in degrees versus the relative current of the PV cell. Figure 31 shows the Kelley cosine
curve for angles from 0 to 90⁰ degrees. Alongside of the figure shows how the curve deviates
from acceptable accuracy beyond 50 degrees.

Figure 34 - Kelly cosine curve for PV cell at sun angles from 0 to 90 degrees (Hodge, 2010)

P a g e | 55

Another plus for the use of solar energy to power today’s systems is that, although still
currently more expensive than more common means, the dollar price per peak watt has dropped
significantly over the last decade. In 2002, solar module costs hovered around $3.75/peak Watt.
In 2011 that number dropped down to only $1.50/peak Watt. That is a 60% reduction in cost.
With this type of trend, in another 10 years it is quite viable that solar costs will be competitive
with modern fuel costs. In Figure 32 (U.S. Energy Information Administration, 2011) a trend
graph from the Environmental Information Association (EIA) shows the drop in costs for both
modules and fuel cells.

Figure 35 - Average price of PV cells and modules, 2002-2011 (U.S. Energy Information
Administration, 2011)
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The Shallow Draft Boat will use Eight (8) Suniva 265W PV Modules that will produce
2120 W of power at peak.
6.2.2 Photovoltaic System Calculations
How to estimate a Solar Electric (PV) System Size:
Photovoltaic (PV) solar panels will produce on average from 8 - 10 watts per square foot
of solar panel area. For example, if a roof area is 200 square-feet (20 ft. x 10 ft.). This would
produce, roughly, 9 W/ft2, or 200 ft2 x 9 W/ft2= 1,800 W (1.8 kW) of electric power. (Mayfield,
2010)

Figure 36 - Annual PV solar Radiation (Energy, 2010)
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Converting Power (watts or kW) to Energy (kWh)
In order to understand how to select the right solar panel is needed to explain a little bit
the basic principle. One kilowatt-hour (1 kWh) implies that an energy source supplies 1,000
watts (1 kW) of energy for one hour. In Florida, the useful solar energy will provide output for
about 5 hours per day. So, if you have a 1.5 kW system and it produces for 5 hours a day, 365
days a year: This solar energy system will produce 2,737.5 kWh in a year (1.5 kW x 5 hours x
365 days).

(

)

6.3 Battery
The battery is a key component to the PV system, as it is the means of storing energy to be
discharged to the load thus making the system operate. Therefore, choosing the correct battery
for the job is a crucial task, and many factors need to be taking into consideration. Some key
metrics worthy of discussion when designing a battery operated system are:
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Voltage/charge capacity.



Cycle capability.



Round trip energy efficiency.



Charge efficiency.



Depth of charge
Once these metrics are known, one is better able to look at specifications of different battery

types in order to make a proper selection for the application at hand.
The voltage (V) and charge capacity (denoted in amp hours, Ah) are metrics that defines the
energy storage of the battery, along with its retrieval potential. The total energy stored in the
battery, given in Watts (W) or kilowatts (kWh), is found by multiplying the two metrics together:
Total Energy Stored = V ∙ Ah.
The cycle capability is simply the total number of full charges and discharges a battery is
expected to go through in its useful lifetime. The battery’s efficiency is a function of the energy
output and input during full discharge and restoration of full charge, and is shown by:

For use in photovoltaic applications, these batteries require high cycle capacity along
with high depth of charge. The depth of charge, given as a percentage, is the amount of stored
energy that may be extracted, or discharged, from a battery that is at full capacity without
causing any damage to the battery.
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6.3.1 Battery Size Hours of Operation
The number of electric motoring hours depends on your battery configuration combined
with any generated capacity (in this case from solar power). Depending on the type of motor, for
operation of up to 6 to 8 hours, it is suggested to use 4.6 times the motor’s power output in kWh.
For example: 4.6 x 3.5kW = 16.1kWh. This would be the required battery capacity for six to
eight hours of electric power operation (Burden, 1995).
The team selected Rolls, S12-230AGM Front Terminal Batteries for this project. Each
battery is 12V / 210Ah (at 20 hour rate) for a total of 2520Wh of storage at the 20 hour discharge
rate. Two battery banks will be set up for this project, one battery bank for each motor
Total power generated from the battery banks = 2520 Wh. x 8 Batteries = 20160 Wh.
Charging Time on the battery banks from Solar Modules = 20160 Wh. / 2120 W = 9.5 Hr.
Draw on Batteries from Torqeedo motors = (2 x 1800W) – (80% x 2120W) = 1904W at 5.2
MPH. 20160Wh. / 1904W = 10.58 Hr.
Charging Time on Batteries from IOTA DLS – 75 Power Converter/Battery Charger =
48VDC x 75A = 3600W, 20160Wh. / 3600W = 5.6 Hr.

6.4 Charge Controller
A charge controller, or charge regulator, is a device that is installed between the solar
arrays and the battery bank. Aptly name, as the voltage input from the solar array increases, the
charge controller regulates the amount of voltage that reaches battery, and helps to maintain a
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proper voltage level. Without such a device, excessive voltage could reach the battery, causing
permanent damage. The majority of charge controllers have a 3-stage charge cycle: bulk,
absorption, and float.
In the bulk stage the batteries draw maximum current while the voltage is increased to
near full capacity. Once this bulk level is reach the absorption stage begins. Here, the drawn
current begins to dwindle down while the voltage in the battery continues to rise slowly to
capacity. In the float stage of the 3-stage cycle, the voltage drops slightly, and the battery
continues to draw a small amount of current to keep the power level steady until the cycle begins
again. A graphical representation of the voltage and current drawn, in relation to time, during
the 3 stages is shown in Figure 36

Figure 37 - Graphical representation of the 3-stage cycle of a charge controller (Free Sun Power,
2012).
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The Shallow Draft Boat requires an Outback Power Systems FLEXmax 60 MPPT charge
controller, which will regulates the output voltage from the solar panels to a even level,
enhancing the solar panels power yield and preventing the batteries from being overcharged.
6.5. Motor
6.5.1 Gas vs. Electric Engines

One of the main differences between an internal combustion engine and an electric
engine is the torque ratio. Electric motors have a flat curve of torque. In gas engines, the torque
increases only when the engine starts to reach high RPMs. On the other hand, the electric motor
can have high torque at low RPMs. This principle makes it possible to replace a big gas / diesel
engine with a small electric motor. (Burden, 1995)
The following diagrams show the main components for gasoline and electrical outboard
motors.
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Figure 38 - Gasoline Engine (Torqeedo, 2005)

Figure 39 - Electrical Motor (Torqeedo, 2005)
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6.5.2 Motor Used

In order to choose the proper electric motor, inboard and outboard motor styles were
taken into consideration to power the vessel. Some disadvantages when using an inboard motor
are: the hull design would have to include hull penetration in order to place the propulsion shaft
beneath the water line. This would imply an increase in the installation and maintenance due to
the amount of extra components needed to attach this shaft with the motor. On the other hand,
some of the advantages of an outboard motor style are: a very easy installation to the hull vessel;
because it is just a single component, it requires in some designs as few as a two bolts to attach
to the vessel. This implies fewer components due to the fact that hull penetration is not needed.
Its efficiency is greater by having the motor’s placement in the same line with the propeller in
the hub of the motor.
An outboard electric motor was the type of propulsion that the team decided to use in
order to obtain the maximum displacement of the vessel. Based on weight and drag calculations,
the amount of total peak output voltage needed to run these motors will be a total of 96 Volts.
The team has been looking to install two electric motors of 48 V each in order to satisfy this
necessity
The team began investigating different options of motors by comparing the weight,
efficiency, and performance from three different manufactures. In order to make the selection
process easier, all three options were put together in a decision matrix, shown in Table 6.
Selected motor data specifications can be found in Appendix A.
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Motor Brand (option)
ETEK
Ray Electric
Torqeedo

Static
Thrust (lbs)
200
250
214

Volts
44
60
48

Max
Amps
50
84
83

Imput
Hp
5
6.8
5.3

Shaft
Hp
3.3
5.00
4

Thrust
per HP
45
50
54

Weight
80
100
40

Table 6 - Different Electric Motor Outboards.
All of these different brands have a forward /backward control speed, which make it easy
to steer, move, and dock in narrow spaces.
Based on electric outboard manufacturers, this amount of voltage will be equivalent to
10.6 horsepower. In order to keep setting up the other component and have a successful
installation of the batteries and solar panels, it is needed to convert the horsepower in to watts

The following figure shows the propulsive power and overall efficincy between different
kinds of electric outboards motors.
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Figure 40 - Torqeedo Propulsive Power vs. Efficiency Graph (Torqeedo, 2005)

Analysis of the system
By using eight (8) Batteries, each battery is 12V / 210Ah (at 20 hour rate) for a total of
2520Wh. of storage at the 20 hour discharge rate. Eight (8) Suniva 265W PV Modules, will
produce 2120W of power at peak.
From the motor user manual it is estimated that the motors are each:·
4000 Wh. ~ 6.9 – 12.7 MPH ~ 1.10 Hr.
1800 Wh. ~ 5.2 MPH ~ 3 Hr.
650 Wh. ~ 3.5 MPH ~ 8 Hr.

It can be assumed that the boat will be able to run indefinitely at 3.5mph. The draw on the
batteries will be approximately (2 x 1800W) – (80% x 2120 W) = 1904W at 5.2 MPH
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20160Wh / 1904 W = 10.58 Hr.
With four (4) battery bank, the runtime is equal to six (5) hours.
With eight (8) battery bank, the runtime is equal to fifteen (10) hours.
This data is obtained by assuming 80% of maximum voltage output for the PV modules.
The draw on the batteries will be approximately (2 x 4000W) – (80% x 2120W) = 6304W at 12
MPH., which gives by using four (4) battery bank a runtime of approximately one (1.6) hour.

7 Structural Design and Analysis
After analyzing all parameters in this project, Dream Boat Manufacture explains that the
most accurate design needs to be based on a catamaran hull. An important characteristic that
makes catamarans very light boats is the fact that they use multihull combine with a light weight
construction material, making the catamaran hull the best choice for this project. This kind of
hull varies on shape widely depending on the desire application. This project is focused on using
a displacement hull. For boats of this type, fiberglass is mainly used for its ability to be molded
and reused in the manufacturing of other boats. Fiberglass is glass in the form of very fine
flexible fibers. They may look fragile, but those fibers are stronger than steel, and they won’t
burn, stretch or rot; so they make the perfect boat building material. Fiberglass body requires low
maintenance and they are durable, so these water boats do not deteriorate in the way wooden
boat would.
Depending on the placement of the solar panels, which can add a considerable weight
factor, a similar type of consideration needs to be addressed. Additionally, the deck itself needs
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considerable analysis not only as a structural member, but also for its qualities of sound and
thermal insulation. These are mainly a question of type of material used.
7.1 Boat Distribution
7.1.1 Seating Arrangement
Different layouts for passenger seating organization were discussed with the client.
Some of the possibilities presented were the following:
The first layout has two horizontal benches 36 inches apart along the gunwale, where
passengers will be facing each other. Additionally, a long vertical bench is built at the end of the
boat.

Figure 41 - Boat Layout Option number 1
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The other option has two small vertical benches on each side of the boat. They are
divided by a walkway.

Figure 42 - Boat Layout Option 2

The second option was the one that the client decided on, as he felt it was the most
appropriate for the passengers. With this configuration, passengers are allowed a better view of
the landscape environment while traveling to the island.
The seats in the boat can also provide easy storage underneath them. This space will also
be used to place the batteries that help power the boat. Each seat will be 18 inches deep and will
range in width from 18 to 30 inches.
The major concern in regards to the seating arrangement was the available space inside
the boat. In order to comfortably accommodate the movement of all fifteen passengers, a central
aisle has to be included. In the first drafts of the layout, the aisle was established to be 30 inches
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wide. However, after meeting with the client, it was decided to make the vessel handicap
accessible. To accomplish this, the width of the aisle had to be expanded to 36 inches.
According to ADA (American Disability Association) the minimum clear width for a wheelchair
is 36 inches for a hall. More information on these and other rules and regulations can be found
in Section 2.5.
In order to meet that goal and still keep the original seating arrangement, the beam of the
boat had to be increased by one ft. With this in mind, the power needed to move the boat will
also increase, as well as the boat manufacturing price. In addition to the greater width allowing
the vessel to be handicap accessible, the extra foot will also serve to make the boat more stable in
rough seas and even more comfortable for passengers.

Figure 43 - Boat Final Layout
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Figure 44 - Seating Arrangement

The Helmsman is located on the left hand side front of the boat. This was the best space
available to have a clear vision from the captain. According to rules and regulations from the US
Coast Guard, the captain of the boat, needs to have a clear front and ninety degrees vision at each
side.
The front part of the deck was designed to be used as extra storage for passengers who
want to bring additional items such as chairs, coolers, food, etc.
7.2 Boarding Access
For onboarding and off boarding purposes, the boat is designed to have a manual
telescopic ramp located in the front part of the boat. This ramp provides easy access from the two
dock areas which are the side walk and the sandy beach.
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Figure 45 – Manual Ramp short extension

Figure 46 – Manual Ramp full extension.

The ramp will be 40 inches wide, with hand rails and 10 feet long. The material use for the
construction is aluminum 6061. It will support up to 200 lbs.
7.3 Weight Distribution
The weight distribution was a very important factor. The catamaran’s hull shape with
square sponsons and foam filled sidewalls makes the boat very stable. Still, the weight of each
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passenger along with the power system components needs to be as evenly distributed about the
boat as possible. If all passengers congregate on one side or the other, the boat is liable to tip. It
is the job of the captain to maintain a proper distribution among the passengers. In the case of
large waves, the stability of the boat is further increased if the passengers move more towards the
center of the boat. A list of parts and total weight is provided in the following table.
Components
Weight (lb.)
Hull
2400
People
141
Helmsman
141
Motors
40
Solar Panels
40
Batteries
146
Ramp
80
Canopy
100
Miscellaneous
500
Total Boat Weight

Quantity
1
15
1
2
8
8
1
1
1

Total Weight (lb)
2400
2115
141
80
320
1168
80
100
500
6904

Table 7 - Total boat death weight

It is necessary to take into account the boat’s center of gravity (CG) and center of
buoyancy (CB). The CG is the point where the downward (gravitational) forces focus, while the
CB is where the upward (floating) forces focus. The two forces should always line up vertically
under the CG when at rest. Any offset can cause the boat to tip to one side or the other.
7.4 Structural Analysis of Canopy
Based on this design consideration, it was determined to place a canopy on top of the
boat. The main purpose for this is to have a place to fit the solar panels needed it to provide
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power to the boat motors. At the same time, this will also act as a shelter providing protection
against water and sunlight to the passengers.
The canopy will be located at a height of 78 inches from the boat deck, and will cover
much of the boat, being 20 feet long by 7.5 feet wide, and having an area of 150ft2. This area will
be leaving enough room to place eight solar panels of 65.5 inches in length by 38 inches in
width.
In order to mount the solar panels to the canopy, eight rails are placed 40 inches apart, to
which the solar panels are then clipped. In order to allow air to circulate around the panels,
ensuring they don’t over heat, a space of 1 inch will be placed between them along the short
edge, and a 10 inch gap will run along the long edge. The following figures further shows how
the system is assemble

S PANELS

RAILS

CANOPY

CLIPS

`

Figure 47 - Solar Panels and Canopy Assembly
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Figure 48 - Solar Panels and Canopy Assembly top View

Figure 49 - Solar Panels and canopy assembly side view

The following model represents the final assembly of the canopy with the rails and Solar
Panels attached to it.
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Figure 50 - Canopy & Solar Panels

7.4.1 Force, Stress Analysis and Material Selection
Material selection was a very important part for this section. The most important factor
that the team took into consideration was to select the material that gave a good factor of safety.
The second aspect that was taking into account was the cost and the weight of the material.
The material that was chosen for use in this application was tube of Aluminum 6061.
This type of tube is commonly used for structural components, frames, machine parts, marine
components, marine fittings, electrical fittings and connectors, bike frames, railings, truck racks,
etc. In addition to that, Aluminum 6061 is also used for heavy duty structures requiring a good
strength-to-weight ratio with good corrosion resistance.
Some of the characteristics of aluminum are shown in the following table
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Table 8 - Properties of Aluminum

7.4.2 Supporting Members
In order to select the right area to place the supporting columns, an excel document was
created with different iterations in order to select the right area that will support the total amount
of weight form the panels and the canopy.
It was decided to use six members to support the canopy. All members will have to
support a total of 420 lbs. pounds. This includes the weight of the eight panels at 40 lbs each,
cables, and the canopy itself. To allow for dynamic forces from wind and vibration effects, the
factor of safety from static forces was increased.
Each member that was used to support the canopy is a hollow cylindrical tube 78 inches
in length, with an outside diameter of 2 inches, inside diameter of 1.75 inches, and a wall
thickness of 1/8 inch. Using this information, stresses were calculated and initially a static
loading was considered.
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In order to find the critical loading that each member could support, a series of trials were
performed using an excel sheet. For each trial, the area and shape of supporting columns were
changed until the maximum desired factor of safety was reached.
In order to find the critical Load, Euler’s formula is used, and is given by:

In this case, the supporting member will be fix in both ends, so the length will be divide by two
⁄

In order to find the critical load the moment of inertia of the column needs it to be found by:

Substituting values into the equation
= 0.3248 in4

According to those results, the critical load that the will support can now be calculated.
z

After that, the total load that the columns will support was calculated by

. As

mentioned before, the weight of the canopy plus the solar panels is 420 lbm and the acceleration
of gravity is 32.2 ft. /s2.
Pall = 2.254 kips.

With these two values now the Factor of Safety can be now calculated.
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Solving for Factor of Safety

In order to check those results, the stress that the beam will receive was also calculated
=

Comparing allowable and ultimate stress (Aluminum 6061)

This means that the system will be safe.
The Following table shows some of the different trials performed with different areas. Also the
price was taking into account in order to do the final decision.

Iterations
1
2
3
4
5
6

D
1.00
1.00
1.50
1.75
2.00
2.00

D
0.75
0.50
1.00
1.50
1.75
1.50

Fs
0.9652
1.32
5.73
6.095
9.34
15.44

Price ($ )
27
98.28
55.57
84.4
44.19
87

Table 9 - Results obtained with different areas
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Furthermore, simulation software was used to calculate same Factor of Safety, stress and
the Buckling of the bar. Pretty close results were obtained in the expected areas. That
information could be seen in figure number 50. Also figure number 52 describes the stress at
each column. Finally buckling and displacement results are shown in figure number 53.

Figure 51- Supporting Columns Factor of Safety results

Figure 52- Min and Max Factor of Safety
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The following picture shows the value for the maximum stress of 3.062 ksi that the
column will received.

Figure 53 – Von Mises Stress from software simulation

The following pictures represent the maximum displacement value of the bar before it get to
buckling.

Figure 54 - Displacement and Buckling using Simulation Software
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7.1 Deck Materials
The deck of a catamaran plays several rolls. However, as a structural member, the choice
of deck and its properties of rigidity are the most important factors to consider, as this affects the
amount of stress transferred to other components of the boat. It is therefore desirable to use a
deck with greater rigidity. The less rigid the deck, the greater the torsional stress will be.
Common deck materials used are aluminum, composites, and wood.

8. Testing and Simulation
One of the main considerations the client wanted for us to take into consideration was the
desire that as many of the components as possible for the vessel be ‘off the shelf’. Therefore, our
testing was none down via prototype, but rather via hand calculations and computer software
design and simulations.
One of the key aspects of the design is the shape of catamaran in the aft of the boat. The
sponsons, rather than having a flat edge, come together at a point. The main purpose of such a
design is based on the strong cohesive properties of water. To break water apart takes energy,
which is what would occur with a flat edge sponson. In order to minimize energy lost, the
curved edge of the sponson that leads into a point provides a path for the water to meet up at the
tip of the sponson. This way, there is a minimum of water breakage, and therefore a minimum of
energy lost.
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Velocity at 5 knots

Figure 55 - Hull Flow Simulation (Velocity)

Figure 56 - Hull Flow Simulation 2

P a g e | 83

Ground Effect

Figure 57 - Hull Flow Simulation (Pressure)

Figure 56 shows the flow of water as it exits the tunnel between the two sponsons.
Within the tunnel a vacuum is formed, from which the resulting pressure as the exit pushes the
water out and up depending on the incline of the boat. This water is pushed directly into the
propeller which adds thrust.
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8.1 Final Boat Design

Figure 58 - Final Boat Design Isometric View

Figure 59 - Final Boat Design Side View
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Figure 60 - Final Boat Design Top View

Figure 61 - Final Boat Design Top View

P a g e | 86

9. Manufacturing
The actual manufacturing of the boat is being down by Mr. Ralph Brown of Dreamboats, Inc.,
out of Hudson, Florida, just outside of Tampa. Mr. Brown is more than qualified for the job.
Some of his accomplishments include:


Over ten years and more than a million dollars researching how to get a boat to operate at
extremely shallow draft levels without sacrificing off shore characteristics.



Issued two patents for shallow draft boats.



Set five world records taking his shallow draft boat out to heavy ocean seas.

Regular communication between the group and Mr. Brown has been kept throughout the
duration of the project, ensuring all the necessary information from the client reached the
manufacturing side. We were fortunate enough to visit Mr. Brown’s sight during our research,
of which pictures are shown in the appendix.

10. Research and Development Cost
An estimated summary of the tasks realized by each member is listed in the table below,
indicating the hours invested and the percentage of each task among the entire project. The manhours salary value for this project was $35.

Table 10 – Development Cost
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11. Cost Analysis
Ralph Brown from DreamBoats, Inc. has agreed to build the boat for a cost of $30,000. The
length of the boat is to be 26 ft. width and 9.5 ft. beam. Included in the cost of the boat are the
following features, which can be added to or taken away at your discretion.



Seating for 15 passengers plus one helmsman.
Seven 32” wide 2 person seats with back rests and under seat storage.
OR



(Four 30” wide 2 person seats and a couch extending across the transom - The flat surface
forming the stern of a vessel.)
Two front pedestal seats.
A head (restroom) area.
A side console for the helmsman.
Fold over ladder for front loading.
Thirty six inch wide walkways.
Side door that folds down to become a ramp – can be used as handicapped entrance.
Rear wells, with large scupper drains. (Scuppers let water out but not in.)
Closed cell flotation in gunnels (side areas) and sponsons (pontoons).
Hard top covering 19ft of the hull.











Mr. Brown also offers additional options. These items are listed at cost plus 20% for labor. As
an alternative, items may be ordered through Mr. Brown, who receives discounts greater than
20% off retail. These additional items include:
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Additional Items
An all-aluminum tandem axle trailer
Jack plate
Delivery to Miami
Two Torqueedo 48 V motors
No feedback steering
Wind mill generators
Nine foot wide hull (providing 33”
wide seats with backs)
Solar panels
Batteries
Porte Pot (Toilet – Hand dumped)
Pump Out (Made to pump out by
outside source)
Pump Out (Built in macerator)
Raw water wash down pump

$4,500
$975
$1.25 per mile
Cost plus 20%
$300
Cost plus 20%

Cost

$3,000
Cost plus 20%
Cost plus 20%
Cost plus 20% (Approximately $500)
Cost plus 20% (Approximately $700)
Cost plus 20% (Approximately $1,500)
$375

Table 11 – Break down Cost
Assuming the original dimensions of the hull are held firm, an estimated cost for all additional
items would give a figure around $20,000 on top of the $30,000 price tag for the hull itself.
US Solar Institute will be in charge of providing all Photovoltaic System components.
Photovoltaic System

Solar Panels Suniva OPT-265 
Energy Cell 200 RE Battery
FLEXMax60 Charge Controller
FLEXnet DC
Outback Mate2 Remote Control Flush Mount
Outback Hub4 - 4 Port Communications hub for VFX and GFX Inverters
Nine foot wide hull (providing 33” wide seats with backs)
Materials and other components
System Installation
Total Estimated Cost
Table 12 - US Solar Brake Down cost
The boat will be powered by Two Torqueedo 48 VDC motors $ 8497.00

Cost
$ 2120.00 Cost per
Eight (8) Panels
$ 4032.00 Cost per
Eight (8) Batteries
$539.28
$272.88
$212.40
$140.40
$3,000
$1,000.00
$600.00
$11,916.96
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12. Global Learning Initiative
The purpose for the global learning initiative is to help new and seasoned engineers alike
realize that engineering is not just about math, science, and technology – it is a multi-disciplinary
field that encompasses politics, economics, social and intercultural understanding, and maybe
most importantly, the very quality of life that humans experience day in and day out on both a
local and global scale. To truly succeed as an engineer, one must demonstrate an awareness of
the issues related to their technical focus, an understanding of the impact it has on human life
along with the world at large, and an active engagement in analyzing problems and seeking
solutions from the local to global scale, while still realizing that there will inevitably be
limitations and obstacles to overcome.
The content of this report focuses on two main issues. One issue is developing water
transportation that is environmentally conscious and friendly to the local ecosystem where it is to
be used. The other issue is the source of the power for the boat, which is provided by a
photovoltaic system with battery storage. The focus of this global learning will lean more
towards the use of solar energy over traditional fuel sources, since its use in transportation falls
into several subcategories, such as politics, economics, and quality of life. The following
sections will serve to specify and expand on some of these issues, problems, limitations, and
possible solutions within the framework of solar energy being the technology of focus.
12.1 Global Awareness
Solar cells are said to be the “Ultimate green energy” (Petroski, 2010). Such a statement
is not surprising when one realizes that more energy from the sun falls on the earth in one hour
than is used by everyone in the world in one year. (Learning About Solar Basics, 2013). With so
much potential, engineers have found many innovative opportunities for harnessing the suns
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power. The main technologies out there today involve active solar thermal applications utilizing
different shaped and angled collectors to capture the suns heat via flow tubes of water, passive
solar energy, which the flow of energy occurs through a natural process, such as convection, and
photovoltaic systems, which utilize fuel cells to convert the sun’s energy input directly into
electrical output. While some of these technologies only emerged in the past century, the
concept of harnessing the sun’s power has been around for thousands of years. It is said that
Archimedes, the Greek engineer from the third century B.C., defended his home of Syracuse
from a Roman fleet by reflecting the sun’s rays off of highly polished shields, and then focused
the concentrated resultant heat on the Roman ships, setting them afire (Crawford, 2013). This
helped give rise to the concentrated solar power systems in use today; these use parabolic
troughs to reflect the sunlight onto a concentrated point.
There are, in fact, numerous setups of these various systems throughout the world. The
Southwestern United States has vast amounts of sun-soaked land. California has two enormous
solar power plants capable of producing 800 MW when the sun is bright. Nevada has two nonenergy firms which constructed elevated solar panels which powers half of all the firm’s energy
needs. Surprisingly, New Jersey is second in the nation in installed solar capacity, used mainly
by homeowners, and some large commercial installations (Petroski, 2010).
On the global scale, Haiti, Nigeria, Cameroon, and South Sudan have come up with solar
power stations in trailers, called SunBlazers, of which is said will be able to provide electricity
for as many as 40 million people by 2020 (Engineeringforchange.org, 2013). By 2008 Germany
was generating 14.2% of its electricity from renewable sources, including active solar panels.
Dozens of concentrated solar power plants are scattered through Spain, France, Italy, India,
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Algeria, Egypt, and Morocco, with a cumulative output of a staggering 2,227.5 MW of power as
of 2012 (Concentrating Solar Power Technologies, 2012).
Despite all the technologies both present and emerging throughout the world, one should
not think this comes easily. Numerous issues ranging from ethical, political, economical, and
cultural appear as often as the solar power systems themselves. In California, the National Park
Conservation Association, along with other environmental groups, have actively lobbied against
such projects on public lands for fear of the significant harm it may pose to the habitats and
wildlife. Tribal groups also sued state and federal agencies for violated the federal law of
engaging in “government –to – government” consultation with the tribes. Germany, which
initially subsidized solar power installation, began to rule it mandatory, creating an outrage
among the citizens and refusals to comply with such a mandate.
The price of solar power is far from just monetary. Inevitably, environmental, ethical,
and legal issues will arise, creating setbacks for this emerging energy source. Among the biggest
of setbacks, however, comes from politics and economy; the cost of implementing such
technologies has been notoriously expensive. To reach a point of real widespread use, such
issues must be addressed.
12.2 Global Perspective
Due to the high costs of manufacturing photovoltaic cells that convert the energy of the
sun into electrical energy, the subsequent cost of solar panels has been notoriously high. One of
the main reasons for this is the use of pure silicon in a majority of panels being produced.
Although there are other alternatives, silicon gives the greatest efficiency, and when competing
in a fossil fuel market, the greatest efficiency possible is nearly mandatory.
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To help boost the sales of solar panels, President Obama added a provision for
homeowners in the 2008 bailout that extended for 8 years a 30 percent tax credit for the
installation of solar panels (Petroski, 2010). Still, the initial cost can still be quite steep. To
navigate around this, 41 states offer loan programs, incentives, rebates, and grants for
renewables. Figure number 61 is a map of the United States showing which 41 states provide
loans along with the type of program offered.

Figure 62: U.S. Loan programs for renewables
As mentioned earlier, when Germany wanted to generate over 14% of its electricity from
renewables, they offered significant government subsidies that were financed by surcharges
added to every monthly electric bill.
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People may know that we need to change to renewables, but for the vast majority, if the
same efficiencies, power, and cost effectiveness are not comparable, the willingness is low.
Having different incentives in place is just one answer to solving the problem. Another area that
would need to be addressed or spoken to is an appeal to the positive influence it can have on the
quality of human life.
12.3 Global Engagement
Using renewables for transportation has been on the rise, though still has a long way to
go before coming close to competing with the usual gas engines. As engineers, when looking
strictly at output, the debate between gasoline and renewables that use batteries for storage of
energy is a no brainer. Batteries are heavy, expensive, and of limited capacity and life. Gasoline
packs 80 times more energy per kilogram than a lithium-ion battery, and holds 250 times more
energy than a common lead-acid battery. To be truly competitive in the transportation market,
the deliverable power and efficiency must be at least equal to that of the common gas powered
vehicle. This, along with the similar issues faced by solar energy, is not a limitation that can be
fixed by government subsidies or ethical persuasions. As engineers, we need to find innovation
solutions to make such products more appealing by reaching the level that the consumer wants.
We are starting to see it in the automobile industry, with cars like the Chevy Volt that can
fully charge it’s batteries overnight, and boasts 150 mpg, along with it being able to run strictly
on batteries for up to 40 miles. Tesla Motors did this same with its luxury Model S and the
Roadster. Still, the price tags are high, and may need to come down significantly before their
sales reach the desired goal. Photovoltaic cells are also constantly being tweaked to increase
their efficiencies. In Figure number 62 we see the rise of efficiencies over the last 40 years.
(Learning About Solar Basics, 2013)
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Figure 63: Photovoltaic cell efficiencies
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13. Conclusions
With the design of the eco-friendly shallow draft boat, we are were able to protect both
the environment from exhaust fumes by using a solar powered electric motor with zero
emissions, along with keeping the local ecosystem safe from harm. Originally we had thought
that having a boat custom built that is powered by a photovoltaic system with battery storage
would certainly be more expensive than market comparable. To our surprise, the cost was less
than other similar boats, both electric and gas powered, as shown in Table 12. Compared to the
gas powered, that lower initial cost becomes an even better deal when refilling involves at the
most plugging in the battery banks at not, rather than spending hundreds of dollars on gasoline.
The implications of such a realization are astounding, since one of the major setbacks in the
flourishing of solar energy is the (generally) higher costs associated with them. If similar price
instances happen within other markets, and knowledge is spread, this could be a true turning
point in the rise of renewables.

Table 13 - Market Comparables

However, to get to that point, we first needed to start in the beginning. After a brief
history of the evolution of boats and boat technologies, we examined several different hull
shapes that could be used for our project that might satisfy the customer’s needs. Our final
design choice was a catamaran style tunnel hull with two square sponsons. We chose this design
for its stability and buoyant properties that allowed us to stay within the one foot maximum draft.
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Once we had the design of the boat, we then needed to choose components for the power
system that would optimize cost, efficiency, and power requirements necessary to not only move
the boat but to keep it running long enough to go to and from its destination without problem.
We also had to take into consideration the weight of the power system components to ensure that
they did not affect the draft of the boat.
Throughout the duration of the project, regular meetings were set up with the client to go
over our progress, accomplishments, success, difficulties, and future plans. This was a time
when we could talk face to face with the client, show what we have, and get his feedback. As we
were working for him, our main objective throughout the project was to ensure that he would end
up with a product with which he was more than happy. We contacted a boat manufacturer out of
Tampa who was perfect for the job, and we became the liaisons, getting ideas from the customer,
working out the calculations, design, and feasibility of the requests, and taking that to the
manufacturer for his input. In essence we all became one big team working for the same cause.
In the end, if the client is happy, then everyone is happy.
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Appendix A: Cost Analysis
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Appendix B: Dreamboats shop
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