
The Swordfish

(The Swordfish Submarine with nets attached Credit: Nielsen) (The Swordfish Submarine submerged Credit: Nielsen)



Abstract
My project is called the Swordfish. It is a remote controlled submarine that can collect materials from the 
deepest, most dangerous parts of the ocean. It has a PVC frame, two waterproof motors, and uses a 2 liter soda 
bottle as the ballast tank. I used a balloon, air pump, air hose and air fittings to control the amount of air inside 
the balloon in order for the submarine to surface and descend. With its thin design, The Swordfish is capable of 
getting into tighter places.

I chose this project because I wanted to help people so I can make navigating the ocean better.  The 
ocean supports all life on our planet and is integral to earth processes. It is important to have the tools to be able 
to study the unknown. people need this design for better ways to learn about our world.

Over all my project design was a successful submarine design. I was able to sink, float and control it by 
remote. I experimented on three different designs and was able to work my way up to a design that was not only 
controllable but could collect objects. I knew that air was important because in order to float we need to allow the 
air to go in the balloon only and nowhere else. Air will affect the buoyancy. 

My project is important to others because the ocean remains 80% unexplored. Since people can’t handle 
many of the ocean’s most difficult conditions, unmanned submarines make most ocean exploration possible. 
Because it is designed to collect objects, my design can help find things that scuba divers can't get to.The 
Swordfish could be a powerful tool and can be used in many ways.



Problem
The problem I am trying to solve is more than 80 percent of the ocean remains 
unexplored. Some underwater places are too small or too dangerous for people to 
explore. Many groups are also trying to clean up our oceans, but more help is needed to 
improve the process. I wanted to design an unmanned submarine that could get into 
tight spaces and collect materials such as artifacts, specimens or trash.  

I will engineer a submarine craft that will be able to move and function at different 
depths. I call my design The Swordfish. It is a homemade submarine craft that can travel 
through the water by a set of controls. I will be able to sink it and float it by changing the 
amount of air in a chamber that is controlled by different amount of air and water in a 
bottle and balloon set up. With different styles of wire and net collection attachments, 
this design will be ready to take on any challenge.

This project will be useful to many people who are in need of a way to explore 
underwater areas. Scientists who are exploring sea life could get into tight and 
dangerous caves. Explorers could use it to look for ancient artifacts from different 
cultures that were lost to the water.  A big problem we are facing now is ocean trash. 
With the use of The Swordfish, ocean trash can be collected in new and efficient ways.



Background Information

● A submarine can float when the mass of water that it displaces is equal to the mass of the boat. This 
displaced water causes an upward force called buoyancy. To make the submarine float, I need air to 
displace an equal mass of water. To control its buoyancy, the submarine has ballast tanks that can 
be filled with water or filled with air. 

● Our understanding of the ocean remains limited. Ocean exploration is about making discoveries, 
searching for things that are unusual and unexpected. As the first step in the scientific process, the 
rigorous observations and documentation of biological, chemical, physical, geological, and 
archaeological aspects of the ocean gained from exploration set the stage for future research and 
decision-making. (noaa)

● Since humans can’t physically tolerate many of the ocean’s most intense conditions, technological 
innovations make most ocean exploration possible. Underwater Remote Operated Vehicles (ROVs), 
and submersibles. (National Marine Sanctuary Foundation)

● A submarine floating on the ocean’s surface has positive buoyancy. However, when a submarine 
sinks to the ocean’s floor it has negative buoyancy. Submarines spend most of their time 
somewhere in between, floating under the water’s surface; this is called neutral buoyancy. The trick 
to neutral buoyancy is to find the proper mix of air and water so the sub seems to remain suspended 
in the water, neither floating or sinking. (Puget Sound Navy Museum)



Criteria and Constraints
Criteria  Constraints

My solution will include a submarine design 
with a  collecting system. The ability to 
change depths will make my design more 
effective at getting into tight places. 
To be successful it will need to

- Submerge and resurface
- Change depths
- Move forward 
- Change direction
- controllable
- Collect objects (of differents varieties 

that float at different depths)

- Time and materials
- Keep water out of the submarine 

system
- Weight
- A place to test
- Excess air



Design and Methodology

Design #1 Design # 2

(Design concept 1 build  Credit: Nielsen)



Trials Design 1 - Single motor, Single 
bottle

Criteria Results

Submerge and 
Resurface

Yes

Change Depths Yes

Move forward Yes

Change Direction No 

Controllable No

Collect Materials No

Design 2 - Double motor, Single bottle, PVC motor mount

Criteria Results

Submerge and Resurface Yes

Change Depths Yes

Move forward Yes

Change Direction Yes

Controllable Yes but was difficult to keep 
straight

Collect Materials No

Design #1 was a simple model. It could 
submerge and resurface as a result of the 
float and it could move forward with the 
help of the motor. The motor only enabled 
the submarine to travel forward. It was not 
easy to control. This design was not able 
to collect trash at the time.

Design #2 included an additional motor to enable the design to turn 
and change direction. I mounted the additional motor using a small 
piece of PVC. This greatly improved the maneuverability of the craft 
and it was still able to submerge and resurface in the water. The 
design tends to waggle in the water and is difficult to keep straight. 
It is also a little sluggish when I add any attachments for trash 
collection. I will need to upgrade to waterproof motors and build a 
PVC frame for stability.



Materials List

● 2 liter soda bottle          
● 2 RC underwater motors 
● Pliers
● Wires
● 1 bottle cap
● Hot glue
● 1 balloon extra large with rubber band attachment   
● 1 clear plastic tube 10 ft.
● Tape (water proof)
● Air pump 
● 2/24 inch pvc pipes (1 ½ in)
● 4 threaded caps
● 1 7.4 volt RC battery
● 4 intermittent switches
● 2 net catchers

● 2 coat hangers
● Pvc glue
● Flex tape
● 2 electrical connections
● 4 electrical connecters
● 3 air tube fittings     
● Sand

Plastic Bottle Credit: Stock Images

Waterproof aquatic motors
Credit: Hobby Shop Punch Balloons Credit: 

Walmart.com

Clear Plastic Tubing 
Credit: Home Depot

1 ½ in PVC pipe
Credit: Home Depot



Construction 
PVC Frame
1. Saw 2 pipes of pvc in half. 
2. Saw the third piece into 
thirds
3. Connect the pieces together 
using the PVC T - connectors 
(4)
4. Create an H design by 
attaching the smaller pieces 
across the middle and the 
longer pieces on the ends,
5. Pvc glue the pieces 
together
6. Glue threaded fittings on to 
add the caps
7.after components are in 
place fill tubes with sand

Controls

1. Mount motors to the pvc 
framing 

2. Drill 2 small holes for each 
motor.  Run the motor 
wiring  into the pipe.

3. Connect the motor wires 
to the main wiring harness.

4. Drill another hole in the 
middle of the frame to get 
the wiring harness to 
connect to the controls. 
5. Connect the motors to the 
batteries, then the battery to 
the intermittent switches. 
mount the switches to 
control box.
(electrical components are 
stored inside the tubes)

Air bubble

1. Using the 2L soda bottle, drill a 
hole in the cap large enough to run 
the air tube through

2. Attach the balloon to the air hose 
using flex tape.

3. Cut a hole in the bottom of the 
bottle to allow in water.

4. Tie rubber band from the balloon to 
a rod across the hole to stretch the 
balloon.

5. Run air hose out threw the cap and 
zip tie to the wires

6. Attach the air control fittings to the 
end of the air hose.

7. Fill balloon with air using the co2 
pump. Open fitting to release air 
and close fitting to keep air in.

The collection nets - using two small fishing nets, bend the wire to attach to pvc frame. Drill 2 holes 
to hold the nets to either side of the frame. Using coat hanger wire support the net so it does not 
bend back.  



Best design - The Swordfish
Design 3 - Double waterproof 

motors, Single bottle with float, 
mounted to a PVC frame

Criteria Results

Submerge and 
Resurface

Yes

Change Depths Yes

Move forward Yes

Change Direction Yes

Controllable Yes

Collect Trash Yes

Completed design with nets 
attached

Internal wiring and switches design



Testing Results
Basic functions test occurred in the bathtub. This allowed 
for controlled testing and multiple improvements in a 
contained space.

Then, I moved to the pool for the deeper dive testing and the buoyancy test

The Swordfish Submarine fully submerged The Swordfish Submarine coming to the surface

Preliminary Bathtub test: Model will sink without balloon



Data

Amount of Water (mL) Amount of Air (mL) Submarine Actions
(Sink, rise, stay level)

Buoyancy 
(positive, negative, 
neutral)

0 2,000 rise positive

200 1,000 level neutral

400 800 Sink (25%) neutral

800 400 Sink (50%) negative

1,000 200 Sink (75%) negative

2,000 0 Bottom (100%) neutral

Buoyancy Test

Weight of Craft = 12 lb

I am testing the amount of Air v.s. Water (independent variable) and their effect on the buoyancy 
(dependent variable).  
Step 1. Label the side of the bottle in mL 
Step2. Start with full balloon of air 
Step 3. Release the amount of air until the balloon shrinks to the next line
Step 4. Make observations and record results



Summary of results here:

The submarine was able to submerge and resurface because I had a balloon that could fill the void 
and make it float. It was also able to change depths and move forward and back. It was also able to 
change direction because there were two propellers. It was controllable because I had a control panel that 
could make it turn left and right as well as go up and down. It was able to collect objects because it had 
nets that would drag along the sides and collect objects. 

The most important part of the submarine build was to know how much air was needed to make the 
submarine float and sink. When the balloon was completely filled with air, the submarine remained on top 
of the water. When I let a small amount of air out at a time the submarine began to sink slowly. At about 
800 mL of air, the submarine would stay in the middle. When I released any more air after that the 
submarine sank to the bottom.

On the second attempt, the submarine had a leak and the balloon popped. I had to take it out of the 
water and repair the damage on the submarine. It was a little hard to make it go straight and it took longer 
than expected to rise up. It also had a hard time collecting the objects on the surface because the nets 
were a little too low, but after further testing it showed a 70% success rate at collecting different objects. 



Conclusion
The Swordfish proved to be a successful submarine. In a submarine, the buoyancy is controlled by chambers that 
let in air and water in different amounts.  I went through three different design models before I was able to design 
a craft that could successfully dive and resurface in a controlled manner.

The Swordfish was able to float and travel on top of the water when I filled the balloon to capacity as well as 
dive and travel under the water when I let air out allowing more water into the bottle. With the use of the 
waterproof motors and control panel, I was able to toggle the motors on and off independently giving me greater 
control and ability to turn.  It took some time to figure out how much air was needed to make the submarine just 
buoyant enough to lift off the bottom of the pool, but not surface too quickly. I also attached a set of nets to the 
submarine's frame so that it could collect objects such as specimens and trash. 

There were some challenges that arose along the way. I found the most challenging part of the build was to 
eliminate the excess air trapped in other parts of the craft including the tubing. To correct this I let the water in the 
bottle so that there would be no excess air in the bottle of the submarine. I also put sand in the tubes so that the 
density would increase and sink to the bottom. I also had a hard time with the balloons because some of them 
popped in the submarine. They popped due to sharp edges on the bottle. I fixed the problem by getting a rounder 
surface so that the balloon wouldn't pop and have more space within the bottle. If I were to do this project again, I 
would have made the wire and tubing longer and changed the netting to claws that could grab.

The Swordfish is an ideal way to explore the unknown parts of the ocean without putting humans in danger. 
The applications of an unmanned submarine are infinite. Marine Scientists could use this design to find and study 
ocean life. Archaeologists could look for artifacts from lost cities. Ocean clean crews can also use this invention to 
clean trash from deeper parts of the oceans. The Swordfish will go down in history as the most adventurous craft 
of the sea. 
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