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1. Abstract  

The Sea Dragons Company is composed of five students representing fifth through eleventh 

grades, from Port Townsend, WA. This company stepped up their 2018 remotely operated 

vehicle (ROV) design to be robust, efficient and reliable, in order to meet the criteria specified 

within this yearôs theme, Jet City: Aircraft, Earthquakes and Energy. The company has a 

diverse set of skills, resulting in each team member specializing in ROV features such as 

hydraulics, mechanical design, electrical design and programming.  

     The manipulator on the S.S. Dragon, the Sea Dragonsô ROV, is a custom hydraulic design 

that utilizes a LEGO based gripper. This manipulator went through multiple prototypes 

involving extensive analysis and testing, based on the product demonstration tasks. The 

manipulatorôs strong grip makes it a critical tool, able to complete task such as eelgrass 

restoration, tidal turbine installation and lift bag placement. The companyôs lift bag, used to 

bring objects from an aircraft wreckage to the surface, was designed to complement the 

manipulator design. This enables lift bags to be reliably placed on the aircraft components, 

with maximum efficiency. This aircraft recovery task is one of the most important missions for 

the Sea Dragons, because of its real world relevance. This year the company will be partnering 

with Olympic National Park to search for an underwater wreck using their ROV and skills 

gained through this MATE challenge. 
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2. Project Management 

     Our company has a five week build season. Members participate in other STEM 

competitions and this creates scheduling challenges that the team has to overcome. The time 

limitation intensifies both prototyping and the overall design process. We work daily on ROV 

related projects, prototyping and tank testing several times each day in our workshop. During 

these five weeks, the company members log over 800 hours. We work hard to split up tasks so 

each company member works in reasonable windows, with lots of breaks, to avoid getting 

burned out.   

2.1 Timeline: 

Sea Dragons Company Timeline 

     Because of our five week build season we have lots of work to do in a short amount of 

time. Company members will split into specialized fields to maximize work effort. An 

important part of our company timeline is scheduling ROV operating practice time. We have 

found that no matter the how great the ROV engineering, the pilots still need to have twenty 

plus hours of operating practice to do well. Here is an outline of our work efforts over our five 

week ROV build season. 
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2.2 Company Assignments:  

Each company member specializes in a certain component of the challenge. The team gives 

progress reports to our company's CEO, and presents their specialized knowledge during 

engineering presentations. It is important to have a well-balanced team that can work together 

to create the best ROV design. Listed below are company assignments. 

 

 

Hydraulic and Manipulator Engineer: Ayden Ratliff - Designs and builds all hydraulic 

systems that are integrated into a manipulator design for the ROV, and designs the Fluid Power 

Diagram.  

Electrical and Programming Engineer: Ella Ashford - Designs and builds all electronics 

on the ROV, and integrates the control systems with the thrusters. This includes programming 

the Arduino, creating the SID, and leading troubleshooting efforts on the system.  

Lead Mechanical Engineer: Nathaniel Ashford - Determines optimum location for 

thrusters, builds and designs the ROV frame, and calculates buoyancy. This year, Nathaniel is 

also in charge of developing a custom low cost underwater camera system for the ROV.  

Safety Captain & Tether Manager: Everest Ashford - In charge of making sure the 

company complies with all safety requirements, responsible for tether management, creates 

JSA (Jobsite Safety Analysis), and oversees ROV safety features.  

ROV Tool Engineer and Mathematician: Logan Flanagan - Designs and builds ROV tools 

such as lift bags and OBS (Ocean Bottom Seismometer). The ROV Tool Engineer is also 

responsible for the documentation of non-ROV devices, and is the mathematician for the team.  

 

Figure 1: Team Picture: Left to Right / Back to Front: 
Logan, Ella, Nathaniel, Everest and Ayden 

Photo Credit: Gabriella Ashford 
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3. Design Rationale 

    Our company wanted to provide an ROV (Remotely Operated Vehicle) that could complete 

the difficult tasks associated with this yearôs theme, Jet City: Aircrafts, Earthquakes and 

Energy. To complete this goal we challenged ourselves to improve upon our existing 

knowledge and build a custom frame that is not PVC based. The ROV needs to withstand the 

strong currents of the Puget Sound and the team determined that more than just PVC support 

was needed. The ROV frame is built of plywood with external thruster guards. The ROV 

utilizes six Blue Robotics T-100 thrusters that provide maximum efficiency, while providing 

stable thrust for our ROV. All onboard electronics are housed in a watertight enclosure that 

provides buoyancy alongside non-compressible foam blocks. 

     Another important feature of the ROV is a reliable manipulator that can be easily modified 

to best complete its various missions. Our manipulator uses a hydraulics system through 100 

mL syringes, which in turn power a custom LEGO manipulator.  Although this manipulator is 

simple in design, it is extremely reliable and has a powerful grip. The manipulator has one 

range of motion that includes opening and closing the LEGO gripper. This type of motion is 

perfect for tasks like eelgrass restoration, lift bag placement, and manipulating objects 

surrounding activation of the OBS (Ocean Bottom Seismometer). 

     Lastly, size and weight are the final contributing factors in the design of our companies 

ROV. It was important to reap the full benefits of a small, lightweight and compact ROV. An 

ROV that meets these criteria performs better, reacting to less drag, with better power and 

thrust as a result. The goal is to stay below the 12 kg and 60 cm size and weight limitations set 

forward by the 2018 MATE challenge. This advantage not only provides our company with a 

better ROV control, but also awards us an additional 20 points! Our ROVôs total dimensions 

are: 26.7cm by 54cm by 45.5cm and weighs 10 kg. 

Figure 2: S.S. Dragon CAD Model 

Designed by Ella Ashford 
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3.1 ROV Frame: 

     Building and designing a custom ROV frame that meets the needs of the Jet City theme 

was challenging. Stepping away from the traditional 

method of PVC is difficult because small design 

changes require building entirely new components from 

scratch. Because of this limitation, the team digitally 

designed multiple ROV frames using Solidworks CAD 

software. After multiple prototypes and system 

evaluations, the company decided to use the design 

made of plywood components. This frame has a 

streamlined design, easily manufactured with the tools 

the company has available.  

     Picking the material to build the ROV frame was a difficult decision for us. Originally we 

wanted to construct the frame out of plastic based material or metal based material. But 

because of our limited resources and access to equipment in our area, we had to improvise and 

work with what we had available. Plywood turned out to be a viable material because of its 

buoyancy and availability. The S.S. Dragon frame is built out of marine grade plywood that is 

painted with marine grade paint to ensure material durability.  

3.2 Flotation and Ballast: 

     The flotation on the S.S. Dragon is polystyrene closed cell foam that 

reacts with minimal compression under pressure. The ballast on the 

S.S. Dragon is solid metal rebar. The frame is constructed out of 

painted wood and is positively buoyant. All these components make the 

S.S. Dragon slightly positively buoyant, so we can maximize thrust 

while lifting objects off the pool bottom. Initially, we did have some 

problems. The negatively buoyant thrusters were above the air filled 

(positively buoyant) electronics canister, so that the center of buoyancy 

on the ROV was below the center of mass. This meant that the S.S. 

Dragon would flip upside down. We had to add rebar to the bottom of 

the S.S. Dragon and polystyrene foam in several places on top, in 

order to make the center of buoyancy higher than the center of mass. Another problem we 

faced was spacing. Because the four vertical thrusters are mounted just underneath the top 

plate, there wasnôt very much space to mount the flotation so that it didnôt interfere with 

vertical propulsion. To solve this, we had to attach several small pieces of flotation instead of 

one large piece.  Our thrusters provide 1.8kg for lift. We have approximately 2.7kg or 26.7 

Newtons of polystyrene foam for lift and .45kg of rebar on the S.S. Dragon as ballast. The 

flotation and ballast measurements are calculated using a spring scale and a bathroom scale. 

Figure 3: Early CAD prototype of frame  

Designed by Ella Ashford 

Figure 4: ROV Buoyancy  

Photo Credit Gabi Ashford 
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3.3 Thrusters: 

     Our company has a policy of reusing components and recycled material whenever possible 

to be eco-friendly. The six T100 thrusters are a big 

investment but we wanted to have dependable, 

controlled thrust. It is essential to have a strong 

ROV frame with powerful thrusters to maintain 

accuracy during missions. In the initial prototype of 

the ROV frame, different thruster positions were 

tested. A lower cost version of the ROV used four 

thrusters instead of six. After extensive testing it 

was determined that four thrusters were needed for 

lift because of stability. Having only two thrusters 

assigned to the ascent and descent caused tipping and pitching when we needed accuracy.  

     The T-100 thruster is a brushless electric motor that is a low cost, high performance option 

perfect for ROV designs of our weight and size class. Its design has many benefits, including 

plastic bearings that are not susceptible to rust like we often see in more traditional options. 

Unlike other thrusters, the T-100 has no air or oil filled components, and water flows freely 

through the entire system, acting as a lubricating agent. The thrusters can be connected to any 

electronic speed controller (ESC) and controlled through a microcontroller.  

     This year we purchased six of the new Basic ESC sold by Blue Robotics. These are 

brushless, sensor-less electronic speed controllers, that are designed to 

be used with the T-100 thrusters. The Basic ESC has a power and 

ground input as well as a PWM (Pulse Width Modulation) input and a 

ground for this signal. The ESC has three output phases that connect 

directly to the T-100. The signal range is 1100 ï 1900 microseconds 

with the stop position at 1500 microseconds. For safety reasons, and to 

reduce noise interference, our lateral thrusters have a range of 1300-

1700 microseconds and our vertical thrusters have a range of 1400-

1600 microseconds. This correlates to a total of 1.8kg of thrust 

forwards and backwards, and 1.8kg of vertical thrust. When 

running all thrusters at once, we are drawing a total of 8 amps. 

     The T-100 thrusters are mounted directly to the plywood frame. The vertical thrusters use 

the Blue Robotics mounting system, and forwards/ backwards thrusters are screwed directly 

into the frame.  

Figure 6: T-100 Thruster 

Photo Credit: Blue Robotics 

Figure 5: 
Thruster 

Configuration 
Graphic 

Designed by 
Ella Ashford 

We explored 
many different 
thruster 

configurations 
before we 
found the most 
reliable 
system. 
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3.4 Electronics Enclosure: 

     This year we decided to use a Blue Robotics Watertight Enclosure to enable easy access to 

our electronics. In previous years, we have sealed our components in custom canisters. The 

drawback to this method is that once sealed, they cannot be reopened. With the new level of 

sophistication in our electronics, we wanted to be able to modify our electrical designs 

throughout the season. After analysis of the various canisters Blue Robotics provides, we 

decided on the 4ò Series which has an inner diameter of 10.16 cm. This was just the right size 

for our electrical system and fit perfectly within the frame of our ROV. The 4ò Series 

Watertight Enclosure is a clear acrylic tube that is 6.3 mm thick. This has interchangeable 

fitted endcaps that use double O-rings on a flange to create a watertight seal. Our company 

uses the dome endcap to accommodate the length of the camera housed inside the canister.  

The other endcap is aluminum based, and has 14 holes that are compatible with cable 

penetrators for our tether and thruster cables. We use the 6mm cable penetrator to allow our 

cables to pass through the canister without the risk of leaks. We have a strain relief system that 

prevents pulling the endcap off when force is applied to the tether. 

     Inside the enclosure we have a polycarbonate insert that houses all of our electronics. 

Attached to this is our Arduino Uno that converts analog potentiometer (joystick) signals to a 

PWM signal. The potentiometer has a range of 0 to 1023 on each axis. As the Arduino system 

boots, it correlates the starting position of the joystick with a PWM signal of 1500, meaning 

that the thrusters are stopped. We decided to use only a single axis on our joysticks, which 

made operating the ROV more straight forward and logical. As you move the joystick the 

analog signal changes, and the Arduino matches this signal within the PWM range we set in 

our computer program. This range is 1300-1700 microseconds for lateral thrusters and 1400-

1600 microseconds for vertical thrusters. We were able to check pulse width and accuracy 

using an oscilloscope. The Basic ESCs (electronic speed controllers) were critical to our 

electrical system. Without them our three phase thrusters would not receive commands. They 

are mounted securely on our custom polycarbonate insert. It is important that they are 

appropriately spaced to avoid overheating and electrical shorts. Many refits were necessary to 

gauge the distance which would preclude interference.  By connecting them to the power 

distribution block we avoided a mess of wires. Bullet connectors are used to connect the 

output to the thrusters. This way we can easily detach system components. 

Figure 7: Watertight Enclosure 

Photo Credit: Blue Robotics 

Figure 8: Watertight Electronics  

Designed by Ella Ashford 


